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ABSTRACT 
THE EFFECTS OF CLIMATE VARIABILITY ON THE STRUCTURE OF THE 
PHYTOPLANKTON COMMUNITY IN TUMACO BAY, COLOMBIA 
by Ingrid Garcia-HanseiiHonkala 
May 2009 
Spatiotemporal variability in the diatom and dinoflagellate community structure 
and chlorophyll a (chl a) concentrations in Tumaco Bay during the 1993-2005 period was 
related clearly to seasonal and interannual variability in environmental conditions due to 
the migration of the Inter-tropical Convergence Zone (ITZC) and the influence of El 
Nino Southern Oscillation (ENSO) events. A total of 134 species of diatoms that belong 
to 57 genera, and 78 species of dinoflagellates that belong to 25 genera were identified 
during the survey. The diatom community was the dominant group in the waters of the 
bay, being the most abundant with the greatest number of species observed. The most 
important species was the centric diatom Skeletonema costatum (Cleve 1878). 
It was found that the migration of the ITCZ on the region caused a strong annual 
cycle. With the migration of the ITCZ to the south, Northeasterly Trade Winds 
dominated the area from about December to April producing oceanic and coastal 
upwelling. Colder sea surface temperatures (SST), the rising of the thermocline and 
halocline to the surface, increased nutrients and abundant rainfall were detected. This 
time of the year was described as the rainy season (RS)/cold phase. Opposite conditions 
were observed the rest of the year, defined as the dry season (DS)/warm phase. 
Southeasterly Trade Winds dominated at this time of the year due to the migration of the 
ITCZ back to the north. This seasonal cycle was affected by interannual variability due 
ii 
to ENSO. Five El Nino and four La Nina events were identified. In general, La Nina 
episodes were characterized by a shallow thermocline, cold SST, higher salinities, and 
the highest concentrations of nutrients. Opposite characteristics were observed during El 
Nino events. However, during the highest precipitations observed in every El Nino 
event, nutrient concentrations increased significantly. 
Important environmental correlates of community structure were identified using 
Canonical Correspondence Analysis (CCA). Strong gradients in temperature, salinity, 
nutrients and Secchi depth (water clarity) correlated predominantly with diatom and 
dinoflagellate community structure. Seasonal variability in the communities provided 
some important findings: 1) increased species richness and abundance of both groups 
were correlated with increased nutrients during the cold phase/RS; 2) diatom blooms 
occurred during the cold phase, 3) dinoflagellate blooms occurred at the beginning of the 
warm phase; 4) decreased species richness and abundance and lack of blooms 
characterized the DS; 5) abundances were higher nearshore than at the offshore part of 
the bay; and 6) chl a concentrations increased during the cold phase. 
The influence of ENSO in the communities also provided some important 
observations: 1) species richness and abundance of diatoms increased during La Nina; 2) 
species richness and abundance of dinoflagellates increased during El Nino when 
precipitation and nutrients were high; 3) harmful species and harmful algal blooms 
(HAB) increased during ENSO events; 4) communities recovered quickly after El Nino 
events; and 5) chl a concentrations decreased during El Nino and increased during 
Normal and La Nina conditions. 
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CHAPTER I 
INTRODUCTION 
Changes in the structure, function, and productivity of marine ecosystems in 
response to large-scale climatic variations have been a subject of increased research over 
the last few decades (Chavez et al. 1999; Blanchot et al. 1992; Michisaki et al. 2005; 
Fiedler and Philbrick 2002; Fiedler 2002; Devis et al. 2002). The results obtained in the 
majority of these studies revealed clear linkages between atmospheric forcing, physical 
processes, and biological events (Avaria and Munoz. 1987; Edwards et al. 2001; 
Limsakul et al. 2001; Fiedler and Philbrick 2002; Thiel et al. 2007). Local weather 
patterns of the Equatorial Pacific have been shown to respond to modes of climate 
variation such as El Nino Southern Oscillation (ENSO), which have been considered one 
of the most potent sources of interannual climate variability (Tchantsev et al. 2000; 
Tudhope et al. 2001; Pineda et al. 2001; Fiedler 2002; Devis et al. 2002). Time-series 
data have demonstrated that there is strong coupling between plankton composition, 
abundance, dynamics, and ecophysiological diversity and the influence of ENSO 
(Norway Workshop 2001; Ryan et al. 2002; Devis et al. 2002; Thiel et al. 2007). 
According to Limsakul et al. (2001) and Thiel et al. (2007), the consequences of long-
term variability in phytoplankton production and, perhaps in the higher trophic levels, 
caused by climatic variations could have significant implications on biogeochemical 
processes, marine biodiversity, fisheries management, recreation, and tourism. 
This work is one of the first to address the spatial and temporal variability of the 
phytoplankton community and the chlorophyll a (chl a) distribution in Tumaco Bay, 
Colombia and surrounding waters, in response to the Inter-tropical Convergence Zone 
2 
(ITCZ) and ENSO events. Prior to this dissertation research most studies involving 
phytoplankton communities in Tumaco Bay were very descriptive, and there was very 
little research effort to define and quantify the environmental and climatic factors that 
regulate phytoplankton dynamics and community structure throughout Tumaco Bay and 
its surrounding waters. In situ physicochemical and biological data were collected from 
the bay from 1993 to 2005 and ocean color satellite imagery of chl a was obtained from 
the Sea-viewing Wide Field of view Sensor (SeaWiFS) from launch to present to 
accomplish these tasks. This research involved the analyses and interpretation of long-
term data sets to develop qualitative and quantitative relationships between the 
abundance and composition of the phytoplankton community, and chemical, biological, 
and physical variables in Tumaco Bay. The research used multivariate gradient analyses, 
like the Canonical Correspondence Analysis (CCA), as an important tool to directly 
relate the community data with environmental conditions. In addition, the study 
combined the use of in situ and satellite remote-sensing data to establish correlations 
between physical and biological fields in the surface ocean of Tumaco Bay and its 
surrounding waters. 
Tumaco Bay is located on the southern portion of the Pacific Coast of Colombia 
(1.47°N - 78.40°W) (Fig. 1.1). The climate of this area is highly influenced by the 
displacement of the ITCZ, which regulates the pluviometric and climatologic systems of 
the region (Devis et al. 2002; Devis 2003). According to Devis et al. (2002), seasonality 
caused by the displacement of the ITCZ is one of the most important factors regulating 
the physicochemical characteristics of the bay. The area also experiences the effects of 
El Nino Southern Oscillation, making Tumaco Bay ideal to monitor the effects of ENSO 
events upon phytoplankton communities, since it is located in the equatorial zone of the 
eastern Pacific, the center of action for most ENSO-related sea surface temperature (SST) 
anomalies. Tumaco Bay is strongly impacted by El Nino-La Nina events resulting in 
significant changes in the physical, chemical, and biological conditions, as well as in the 
climate of the region (Tchantsey et al. 2000; Garcia-Hansen and Malikov 2002; Devis et 
al. 2002). 
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Figure 1.1. Location of Tumaco Bay in the Pacific Coast of Colombia. 
This study analyzed the effects of climate variability due to the influence of the 
ITZC and ENSO on the structure of the phytoplankton community in Tumaco Bay. The 
seasonal and interannual variability of the phytoplankton community and its relationship 
with environmental conditions were evaluated by dividing the entire data in three 
different periods called -Normal, El Nino and La Nina-. This was based on the 
anomalies observed in the Southern Oscillation Index (Daly 2006) and changes in the 
sea-surface temperature observed in the bay since 1993. It was found that the migration 
of the ITCZ on the region caused a strong annual cycle where two well defined seasons, 
rainy season (RS) and dry season (DS), and two well defined phases, cold phase and 
warm phase, were identified. Therefore the data was also divided into RS/cold phase and 
DS/warm phase. The influence of ENSO type events were removed from the first part of 
the analysis, so the seasonal variations of the phytoplankton community in the bay under 
normal conditions due to the influence of the displacement of the ITCZ could be 
understood better. The second part of the study used the entire data sets so it was 
possible to analyze the effects of interannual variability due to ENSO upon the 
phytoplankton community. Knowing the structure of the community under normal 
conditions made it possible to identify changes caused by the loger-term climate variation 
associated with El Nino-La Nina events. In addition, this research studied the spatial 
variability in species abundance and composition throughout the bay. It was found that a 
great number of species responded not just to temporal variations in larger scale forcing, 
but also to the environmental conditions that characterized the different sites from where 
they were Collected. The last part of this study, examined the spatiotemporal variations 
of chl a concentration in Tumaco Bay and its surrounding waters due to the influence of 
the ITCZ and ENSO events. 
Background 
Virtually no phytoplankton studies were done in Tumaco Bay until the Colombian 
Research Institute - Centra Control Contamination del Pacifico - from the Maritime 
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Directorate (DIMAR) of the Ministry of Defence of Colombia undertook a fifteen-year 
study that started in 1990, after the bay was seriously impacted by an oil spill. At the 
beginning, the Research Institute wanted to assess and monitor the recovery of the bay by 
measuring biological and physicochemical parameters in the water column and 
sediments. Later, the idea of understanding the influence of other ecological and climate 
processes affecting the state of the bay and surrounding waters led the Institute to 
continue with the survey until the present time. 
Tumaco Bay has an area of 350 km , with a depth range of 2 to 35 m. The area is 
influenced by semidiurnal tides, with maximum tidal renge of 4 m (Peiia-Gomez 1995; 
Castro-Suarez et al. 2001; Malikov 2001; Tejada 2003). The bay is characterized by the 
influence of a number of rivers, the most important being the Mira, Rosario, Patia, and 
Mejicano Rivers. The bay has a high sedimentation rate, with a bottom that is composed 
mostly by organic mud and sand (Casanova and Betancourt 1997). The climate of the 
region is wet tropical, with high humidity and abundant rainfall. The precipitation is 
monomodal, with a rainy season that starts at the beginning of the year. Highest 
precipitation occurs during April to June, and a dry season typifies the rest of the year 
(Casanova et al. 2000; Casanova and Betancourt 2001). The maximum temperatures are 
observed between April and May, with an average value of 26.2 °C. This value decreases 
to 25.7 °C during the dry season (Devis et al. 2002). 
According to Tchantsev and Cabrera (1998), some of the general factors 
determining the hydrodynamic and thermohaline regimes in Tumaco Bay, are solar 
radiation, wind distribution, precipitation, freshwater run-off and the variations of the 
Humboldt Current and the Equatorial Countercurrent. All of these factors in turn are 
6 
connected with meridional oscillations of the ITCZ and the influence of ENSO 
(Rodriguez and Stuardo 2002). The ITCZ has a profound effect at local scales, affecting 
the convective processes and wind patterns (Devis 2003). The bay is dominated by 
Northeastern and Southeastern Trade Winds that change in intensity during the year 
according to the position of the ITCZ (Appendix A) (Devis et al. 2002; Rodriguez et al. 
2003). From January through April, the ITCZ migrates to the south to about 2 °N, and 
strong northeasterly trade winds dominate the area and produce local upwelling by means 
of the Panama Jet that enters the region via the Isthmus of Panama (Rodriguez et al. 
2003). From about May through December, the ITCZ is displaced to the north (about 10 
to 12 °N) and the area is dominated by southeasterly trade winds reducing the upwelling 
and deepening the thermocline and the mixed layer (Devis et al. 2002; Rodriguez et al. 
2003). 
Circulation in the area was first described as being cyclonic only (Wooster 1959; 
Rodriguez and Stuardo 2002). However, Rodriguez et al. (2003) found that circulation in 
the area was controlled by the seasonal changing wind field, which produced two distinct 
seasonal patterns. Based on satellite-borne altimeter data, the authors found, that from 
January to April the circulation in the area was cyclonic, with a coastal current flowing to 
the north. On the other hand, from May to December, the circulation reversed and was 
anticyclonic with a coastal current flowing southward. 
It has been found that variability of wind conditions also controls the variability 
of the oceanographic conditions in the Colombian Pacific Ocean (Rodriguez and Stuardo 
2002). Using satellite and in situ data, Legeckis (1986), Villegas (2002), Devis et al. 
2002) and Rodriguez and Stuardo (2002) found that variations in variables like sea 
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surface chlorophyll and SST were seasonal events related to the migration of the ITCZ 
and the generation of a wind jet at the Isthmus of Panama. The authors detected strong 
seasonal upwelling events along the Colombian coast lasting from February to the end of 
March. These events were associated with the influence of the wind jet at the Isthmus of 
Panama, which have been observed to push the water off the coast producing coastal 
upwelling (D'Croz et al. 1991; Andrade 1992; Agujetas 2001; Rodriguez and Stuardo 
2002; Rodriguez et al. 2003). This jet has been described to affect the zone by producing 
a cyclonic circulation in the eastern part of the area and an anti-cyclonic circulation in the 
western part, where the combine effect of both form a strong southward current in the 
middle of the Bight and a coastal current flowing to the North (Rodriguez and Stuardo 
2002). Decreases in water temperature of about 9°C and substantial increases in chl a 
have been associated with these events (Legeckis 1986; D'Croz et al. 1991; Rodriguez 
and Stuardo 2002). It has been observed that with the migration of the ITZC back to the 
north, the wind jet decreases in intensity until it disappears around June, due to a 
generalized wind relaxation, causing the upwelling to stop ((Rodriguez and Stuardo 
2002). Warmer water temperatures and lower productivity have been found to 
characterize the second part of the year (Rodriguez and Stuardo 2002; Devis et al. 2002). 
Two main currents have been described to dominate the Colombian Pacific Coast 
(Tchantsev and Cabrera 1998; Pineda et al. 2001; Devis 2003). The northern portion of 
the area is influenced by the Equatorial Countercurrent that brings superficial waters from 
the West and Central Pacific. Its speed, location and amplitude vary according to the 
season shifting between 4°N and 11°N (Devis 2003). The southern part of the coast is 
influenced by the Humboldt Current, which brings cold, salty and nutrient rich waters 
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into the area (Tchantsev and Cabrera 1998; Pineda et al. 2001; Devis 2003). The 
Humboldt Current has been described as the world's largest upwelling current, and is 
responsible for large regions of coastal upwelling all year round (from the equator to 
approximately 30°S) making the waters of Chile, Peru and Ecuador highly productive 
>300 gC/m2/year (Echevin et al. 2004; Montecino et al. 2005). The Humbold Current is 
a cold ocean current of the South Pacific, flowing north along the western coast of South 
America, extending up to 1,000 km (620 mi) offshore (Thiel et al. 2007, Gomez et al. 
2007). This Current causes significant cooling of the marine environment and influences 
the weather pattern making the coasts of Chile, Peru and Galapagos Islands in Ecuador 
some of the driest regions in the world (Gomez et al. 2007). According to Andrade 
(1992), Tchantsev and Cabrera (1998), Pineda et al. (2001) and Devis et al. (2002) the 
influence of the Humboldt Current in the waters of Tumaco Bay intensifies every year 
around August - September when the ITCZ reaches its northernmost position. 
Besides the influence of the ITCZ, Tumaco Bay is highly affected by long term 
climate variations due to ENSO, resulting in significant changes in the physical, 
chemical, and biological conditions (Tchantsev et al. 2000; Agujetas et al. 2001; Pineda 
et al. 2001; Garcia-Hansen and Malikov 2002; Devis et al. 2002). The effects of ENSO 
in the Tropical Eastern Pacific have been the focus of numerous studies. Many of these 
studies have been based on data collected by oceanographic cruises, data collected at 
different sampling stations along the Eastern Pacific Coast, and on satellite remote 
sensing imagery. 
According to Devis et al. (2002), along the Colombian Pacific coast, interannual 
variability in sea surface temperature, depth of the thermocline and oxycline, sea level, 
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and circulation patterns are related to the ENSO cycle, impacting the phytoplankton 
community structure and productivity. The influence of El Nino episodes in the area 
have been associated with deepening of the thermocline, warming of sea surface 
temperatures and decrease in chl a and nutrient concentrations in the water column 
(Tchantsev 2000; Wilson and Adamec 2001; Pineda et al. 2001; Devis et al. 2002; Devis 
2003). On the other hand, El Nino's opposite phase, La Nina have been related with 
swallowing of the thermocline, cooling of the sea surface temperatures, and increased 
concentrations of nutrients and chl a (Pineda et al. 2001; Wilson and Adamec 2001; 
Fiedler 2002; Ryan et al. 2002; Devis et al. 2002; Devis 2003). 
The strongest El Nino episodes in sixty years of observations have been recorded 
in 1982-1983 and in 1997-1998 (Pineda et al. 2001; Devis 2003; Montecino et al. 2006). 
During these events temperature anomalies were close to +3°C and sea level increased by 
as much as 20cm along the coast of South America (Pineda et al. 2001). It was found 
that phytoplankton productivity dramatically decreased during these El Nino events, 
however a fast recovery of phytoplankton populations after these episodes was also 
discovered (Chavez et al. 1999; McClain et al. 2002; Fiedler 2002; Ryan et al. 2002). 
After one of the strongest El Nino events (1997-98) the longest La Nina event was 
recorded lasting almost three years from 1998 to 2001 (Devis 2003). Satellite and in situ 
data have revealed that enhanced phytoplankton abundance and large-scale blooms have 
been found in the equatorial Pacific right after strong El Nino episodes and during La 
Nina events (Chavez et al. 1999; Wilson and Adamec 2001; McClain et al. 2002; Fiedler 
and Philbrick 2002; Fiedler 2002; Ryan et al. 2002; Devis et al. 2002). As stated by the 
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authors these large-scale blooms occurred as the system changed from the severely 
nutrient depleted El Nino state to La Nina conditions. 
Smayda (1966), Karl et al. (1995), Suzuki et al. (1997) and Devis et al. (2002), 
established that variations in water temperature and concentration of nutrients produced 
changes in abundance, diversity, and spatial distribution of phytoplankton communities 
and increased toxic phytoplankton species and harmful algae blooms in different regions 
of the ocean. Medina (1997), Garcia-Hansen (2001), Devis et al. (2002), Garcia-Hansen 
and Malikov (2002), Cortez-Altamirano et al. (2003) and Garcia-Hansen et al. (2004) 
found a strong relationship between the appearance and increase of toxic phytoplanktonic 
species and the occurrence of ENSO events in the Colombian Pacific Ocean. 
During major warm events, El Nino warming extends over much of the tropical 
Pacific and becomes clearly linked to the intensity of the Southern Oscillation, which 
reflects the monthly or seasonal fluctuations in the air pressure difference between Tahiti 
and Darwin, Australia (Devis 2003). While El Nino effects are basically in phase 
between the Pacific and Indian Oceans, the effects in the Atlantic Ocean lag behind those 
in the Pacific by 12 to 18 months. According to Tchantsev (2000) and Pineda et al. 
(2001), El Nino can reach many regions outside the tropical Pacific via atmospheric and 
oceanic teleconnections. During El Nino events, a relaxation of near equatorial easterly 
winds generate downwelling equatorial Kelvin waves that, as they reach the coast of 
South America, produce poleward propagating coastally trapped Kelvin waves in both 
hemispheres (Enfield and Allen, 1980; Mantua et al. 2001). These internal waves 
enhance poleward flow in the mid-latitude eastern boundary currents disrupting the 
coastal upwelling and affecting extended areas of the North and the South Pacific, 
causing floods to occur (Enfield and Allen, 1980; Mantua et al. 2001). El Nino have 
been associated with floods, droughts, and other disturbances in a wide range of locations 
around the world (Molinero et al. 2006). Many of the countries most affected by El Nino 
are developing countries that are largely dependent upon their agricultural and fishery 
sectors for food supply, employment, and foreign exchange (Molinero et al. 2006). 
The interest in studying the influence of El Nino episodes in the Eastern Pacific 
has increased during the last decades since it was found that important fisheries are 
affected (Montecino et al. 2006). It has been found that El Nino's warm current of 
nutrient-poor tropical water, heated by its eastward passage in the Equatorial Current, 
replaces the cold, nutrient-rich surface water of the Humboldt Current, also known as the 
Peru Current, which support great populations of food fish (Montecino et al. 2006; Thiel 
et al. 2007). In most years the warming lasts only a few weeks or a month, after which 
the weather patterns return to normal and fishing improves. However, when El Nino 
conditions last for many months, more extensive ocean warming occurs and its economic 
impact to local fishing for an international market can be serious (Thiel et al. 2007). 
Some of the world's largest fishery collapses have happened during El Nino events 
(Trenberth 2002). 
Importance of the Phytoplankton Community 
It has been of great interest during the past decades, to evaluate the response of 
phytoplankton to physical forcing and nutrient availability to understand the ecosystem 
and to establish better links with climate changes (Smayda 1966; Margalef 1978; Evans 
1988; Estrada and Blasco 1979; Chavez et al. 1999; Cloern and Dufford 2005). Species 
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composition and population density of phytoplankton are sensitive to environmental 
changes, to the point that certain species and sometime entire communities can serve as 
bio-indicators of environmental conditions (Margalef 1978). The continual 
documentation of phytoplankton population dynamics can provide an invaluable record 
of water quality, can signal if radical changes have occurred within an estuarine system, 
and can offer clues to the causes of changes when they do occur (Margalef 1978; Paerl et 
al. 2003; Michisaki et al. 2005; Cloern and Dufford 2005; Spatharis et al. 2008). 
Planktonic algae affect concentrations of dissolved gases (oxygen and carbon 
dioxide), concentrations of dissolved inorganic and organic substances, and pH (Cloern 
and Dufford 2005). Phytoplankton photosynthesis also fixes up to 50 Gt of carbon per 
year, contributing nearly half of global primary production (Falkowski et al. 1998). 
According to Dandonneau et al. (2002) and Mackey et al. (2002), the composition of the 
phytoplankton controls the efficiency of the biological carbon pump in the ocean. 
Dandonneau et al. (2002) stated that the fraction of marine primary production that sinks 
to depth (export production) depends on the phytoplankton species that are present in an 
area. The larger species (diatoms, dinoflagellates) are responsible for the export of 
carbon, whereas most of the production can be attributed to the smaller species 
(cyanobacteria), with that production being rapidly recycled in place. Therefore, 
knowing the species composition of the phytoplankton community can be a useful tool 
for determining the carbon fluxes in an area. Schlitzer et al. (2002) also described how 
the dominance of diatoms in certain areas can be associated with higher export efficiency 
of carbon and nitrogen than dinoflagellate-dominated regions. All these findings confirm 
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that floristic composition, even defined at the species level, is an important state variable 
to determine surface fluxes and its variation in response to climate change. 
Finally, the photosynthetic fixation of inorganic carbon by phytoplankton offers a 
source of organic carbon and energy for higher trophic levels and ultimately determines 
the success of fisheries (Cloern 1979). The understanding of phytoplankton dynamics is, 
therefore, central to the comprehension of how estuarine ecosystems work and respond to 
stresses imposed by man and nature. Understanding the dynamics and structural 
composition of the phytoplankton communities over annual and decadal time-scales in 
estuarine and coastal areas, such as Tumaco Bay, can offer a better insight of the 
influence and effects of climate change and the variations in biological oceanographic 
processes. Tumaco Bay provided the perfect scenario to conduct this research, because 
this area supports the growth of large planktonic populations that are altered continually 
by physicochemical and climatic forces. 
Objectives 
Based on the data set of biological and environmental variables collected in 
Tumaco Bay, Colombia from 1993 to 2005, this study focused on the following 
objectives: The first objective was to determine the seasonal variability of distribution, 
composition and abundance of the phytoplankton community in Tumaco Bay that could 
be related with changes in environmental variables due to the influence of the ITCZ. The 
second objective was to determine the interannual variability of phytoplankton abundance 
and composition and the effects of ENSO on the structure of the community in the bay. 
The third objective was to define spatial patterns of variability in species abundance and 
14 
composition throughout the bay, and to determine, which algal species were the 
important primary producers. These objectives were accomplished by first dividing the 
data into Normal, El Nino and La Nina Regimes based on SST anomalies. Data from the 
Normal regime were utilized to examine the seasonal variations of the phytoplankton 
community in response to the ITCZ, without the influence of ENSO events; and the 
entire data sets were utilized to analyze interannual variability due to ENSO. Two main 
seasons and phases were identified, so the data was also separated into RS/cold phase and 
DS/warm phase. The phytoplankton community was divided between diatoms and 
dinoflagellates (other groups were not considered due to their very low abundance 
values) and the spatiotemporal dynamics of these groups were correlated with 
environmental variables. Changes of the biological and physicochemical variables at the 
water surface and in the water column were analyzed. The relationships between the 
biological and environmental conditions were studied by applying Canonical 
Correspondence Analysis (CCA). In addition, the observed increases of toxic species and 
the identification of species that could act as bio-indicators of ENSO events were 
evaluated. Finally, the fourth objective of this study was to generate monthly composites 
of chl a concentrations in Tumaco Bay and surrounding waters from daily images 
obtained from SeaWifs. These composites were used to determine spatiotemporal 
variations of chl a concentration in Tumaco Bay and its surrounding waters due to the 
influence of the ITZC and ENSO venets. This information was also used to examine the 
relationships between the abundance and composition of the phytoplankton community 
measured in situ and the chl a distribution obtained by satellite imagery in the study area. 
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Hypotheses 
Several hypotheses were investigated for this dissertation. First, the temporal 
variability of phytoplankton abundance, composition and distribution is determined by 
the influence of the ITCZ and ENSO events (Hi). Sub-hypothesis: a) Diatoms positively 
respond to decrease in water temperature and dinoflagellates positively respond to 
increase in water temperature, b) Increase in nutrient concentrations benefit more the 
diatom community than the dinoflagellate community, c) Variations in the structure of 
the phytoplankton community can be used as an indicator of climatic change in the 
Eastern Equatorial Pacific. Second, the spatial variability of phytoplankton abundance 
and composition is influenced by environmental variables throughout Tumaco Bay (Hi). 
Sub-hypothesis: a) Salinity and temperature gradients determine the distribution of 
diatoms and dinoflagellates in Tumaco Bay. b) Diatoms prefer coastal waters with higher 
concentration of nutrients, whereas dinoflagellates prefer oceanic waters poor in 
nutrients. Third, Chi a concentration and distribution in Tumaco Bay and surrounding 
waters vary in response to changes in the ITCZ and ENSO events (H3). 
CHAPTERII 
SEASONAL VARIABILITY OF THE PHYTOPLANKTON COMMUNITY AND ITS 
RELATIONSHIP WITH ENVIRONMENTAL CONDITIONS IN TUMACO BAY, 
COLOMBIA 
Introduction 
Determination of time-varying plankton distribution and dynamics in the world 
ocean has been one of the main goals of biological oceanography from its beginning in 
the mid-19th century (Barber and Hilting, 2002). Most investigations of phytoplankton 
in tropical and subtropical seas have focused on either the temporal or the spatial 
variability of these communities (Menzel and Ryther 1960; Bienfang et al. 1984; Frazel 
and Berberian 1990; Malone et al. 1993; Karl et al. 1996; Michaels and Knap 1996; 
Goerike and Welschmeyer 1998; Paerl et al. 2003; Edwards et al. 2001; Dandonneau et 
al. 2002; Stenseth et al. 2002; among others). However, both spatial and temporal 
variability must be addressed concurrently in order to gain an adequate understanding of 
plankton distribution and activity, and the functioning of estuarine and coastal 
ecosystems. Several works have shown that there is spatial or temporal variability in chl 
a concentration and phytoplankton abundance (Goerike and Welschmeyer 1998; Garcia-
Hansen and Malikov 2001; Devis et al. 2002; Garcia-Hansen 2004; Teira et al. 2005) 
and, to a lesser extent, in phytoplankton species composition (Cloern and Cheng 1981; 
Cloern and Dufford 2005; Casanova et al. 2001; Pineda et al. 2001; Devis et al. 2002). 
However, the patterns and mechanisms of variability characteristic of these regions still 
remain poorly understood. 
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Numerous authors have found that seasonal and interannual variability of 
phytoplankton biomass, community composition, and distribution can differ markedly 
among estuarine habitat types (Cloern 1991; Garcia-Hansen and Malikov 2001; Romero 
et al. 2002; Cloern and Dufford 2005). These authors found strong relationships between 
phytoplankton dynamics and species composition, and the physicochemical, 
hydrographic, and morphological characteristics of an area. Variables like temperature, 
salinity, nutrient availability, turbulence, tides, and river inflow can define the type of 
phytoplankton community and the production of phytoplankton biomass. For example, 
Cloern et al. (1980), Cloern and Cheng (1981), Malone et al. (1988), Cloern (1991) and 
Shiah et al. (1996) mentioned that in coastal and estuarine environments, the interannual 
variability of the phytoplankton communities and primary production in the locations 
they studied were driven by the variability of annual precipitation, delivery of nutrients, 
and river discharge. Sarmiento et al. (1998), Matear and Hirst (1999) and Cloern and 
Dufford (2005) claimed that changes in temperature and salinity combined to increase 
stratification in the water column and caused slow circulation that controlled nutrient 
patterns and primary production in those systems. Garibotti et al. (2005) emphasized that 
vertical mixing in the water column was one of the major factors regulating 
phytoplankton stocks. Dutkiewicz et al. (2001) and Wawrik et al. (2003) stated that the 
seasonal cycle of phytoplankton abundance was mainly controlled by the availability of 
sunlight and by nutrients supplied from below or laterally by currents or river discharge. 
Agawin et al. (2000) suggested that size and type of phytoplankton resulted from the 
combined effects of temperature and nutrients. Finally, Dandonneau et al. (2002) 
concluded that yearly changes in local dynamics shaped the phytoplankton community 
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structure and biomass. All these findings open a big window on how different 
phytoplankton communities respond to their own environmental conditions. Sustained 
investigation in estuaries and coastal systems, such as Tumaco Bay, is required to 
continue developing more specific insights into the mechanisms through which climatic-
hydrological-physicochemical variations determines biological variability in estuarine 
ecosystems. 
Tumaco Bay is a highly dynamic estuary due to the influence of the ITCZ and the 
short-term variability of tides. The migration of the ITCZ on the area is known to cause 
temporal and spatial variability of biological and physicochemical parameters (Garcia-
Hansen and Malikov 2002; Devis et al. 2002). The area also experiences the effects of El 
Nino Southern Oscillation (ENSO), making Tumaco Bay particularly suitable to capture 
environmental variations caused by El Nino-La Nina events (Garcia-Hansen 2001, 2004; 
Devis et al. 2002). However, the influence of ENSO type events have been removed 
from this part of the analysis so the seasonal variations of the phytoplanckton community 
in the bay under normal conditions due to the influence of the displacement of the ITCZ 
could be understood better. Tumaco Bay is a critical fishery area, with one of the major 
fishing ports on the Colombian Pacific Coast. Therefore, it is very important to know the 
dynamics of the phytoplankton community under normal conditions so any variations 
cause by climate change could be detected. Alterations in the first trophic levels of this 
region due to climate variability could have serious economic and social implications 
regionally and nationally. 
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Materials and Methods 
Data Acquisition and Laboratory Analyses 
Data were collected from 27 sampling stations located in Tumaco Bay, Colombia 
(Fig 2.1). Sampling began in 1990 and has continued until the present time, with a 
sampling periodicity of every fifteen days. However, in this study only the data collected 
from 1993 to 2005 was examined because prior to this time frame the phytoplankton 
component was not identified taxonomically. 
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Figure 2.1. Grid of 27 sampling stations established in Tumaco Bay, Colombia. 
Climatology curves were obtained from Station 5. Maps of surface distribution of 
variables were obtained from the 27 stations. And multivariate analysis was done from 
station 1, 3, 5, 7 and 8. 
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At each station, measurements of hydrographic properties (salinity, temperature, 
Secchi depth, dissolved oxygen) and collection of water samples for nutrients, 
chlorophyll, and phytoplankton analysis were made. Sea surface temperature was 
measured with a thermometer (10-50 °C), salinity and dissolved oxygen were obtained 
with a YSI conductometer, and water clarity was determined using a Secchi disk. Water 
samples for the analysis of nutrients (NO2, NO3, NH4 and PO4), chlorophyll, and 
phytoplankton were collected with a Niskin bottle at 0, 5,10,15, and 20 m (depending on 
the depth of the station). Three sample replicates for every analysis were obtained at 
each sampling station. The samples were stored in 500-ml Nalgene bottles, then placed 
into a cooler with ice and returned to the laboratory for analysis. 
Chlorophyll concentrations were obtained by extraction of pigments with 90% 
acetone and were measured spectrophotometrically (Parsons et al. 1984). Nutrients were 
analyzed following the methodology described in Parsons et al. (1984). Phytoplankton 
samples were preserved with 10% formalin-Lugol's solution, and allowed to settle for 96 
hours. The samples were then brought to a volume of 20 ml. A 1 ml aliquot was 
removed from each preserved sample, dispensed into a SR Cell Counter Chamber S50, 
and the algal cells were allowed to settle for a couple of hours (Alveal et al. 1995). Cell 
counts were based on the entire aliquot, with three replicates per sample. Phytoplankton 
abundance was standardized to the number of cells/ml of seawater. All diatoms and 
dinoflagellates collected from stations 1, 3, 5, 7 and 8 were identified to lowest possible 
taxonomic level using an inverted microscope with brightfield illumination at 320x 
magnification. Those cells that could not be brought to the species level at the Tumaco's 
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laboratory were sent to the phytoplankton laboratory at the IMARPE Institute in Lima, 
Peru for further analysis. 
Data Analysis 
The entire data were divided in three different periods called -Normal, Nino and 
Nina- based on the anomalies observed in the Southern Oscillation Index (Daly 2006) 
since 1993 and changes in the sea-surface temperature observed in the bay. All El Nino 
and La Nina events were removed from this analysis to be able to assess the relationship 
between environmental variables and the seasonal variability of the phytoplankton 
community composition and distribution under normal conditions (without the influence 
of El Niflo and La Nina effects). 
Monthly climatology graphs of every variable were generated to see the annual 
variability of the biological and environmental variables through a normal year as a first 
stage of the analysis. This procedure was done by averaging the entire set of values 
obtained at station 5 for every variable on every particular month of the year. Station 5 
was chosen because it had the longest uninterrupted set of data values, and because it was 
the farthest station from the coastline (Fig 2.1), and thus had less influence from river 
discharge and the effects of the tides. This station also was one of the deepest, reaching 
more than 100 m depth, while some of the inshore stations were not deeper than 10 m and 
were even shallower during the low slack. The second stage of the study was to divide 
the data into seasons: rainy season (RS) and dry season (DS) (based on values of 
precipitation). Student's T-test was applied to the data to assess whether the two groups 
were statistically different from each other. All tests were run using a 0.05 significant 
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level. The data were also divided into phases: cold phase (water temperature lower than 
27.0 °C) and warm phase (water temperature higher than 27.0 °C), and the same analysis 
was applied. The third stage of the analysis was to generate annual maps of surface 
distribution of biological and physicochemical variables, based on mean surface values 
obtained at every one of the 27 sampling stations. This way the spatial and temporal 
distribution of environmental and biological data could be examined. 
The fourth stage of the study was to relate the species and samples with 
environmental conditions by applying Canonical Correspondence Analysis (CCA) using 
the software CANOCO 4.5 (Ter Braak and Smilauer 2002). Canonical Correspondence 
Analysis is a multivariate gradient technique that allows for the direct relationship of 
community data to known variations of environmental conditions by constraining the 
species ordination to a pattern that best correlates with designated environmental 
variables. The environmental variables can be quantitative or nominal. As many axes 
can be generated as there are environmental variables. The CCA leads to an ordination 
diagram in which points represent modes of species distribution along the gradient, and 
vectors represent strengths and directions of environmental variables. Resultant plots 
portray patterns of variation in community composition that can be explained best by the 
environmental variables. They also show approximately the 'centers' of the species 
distributions along each of the environmental variables (Ter Braak 1986). According to 
Rakocinski et al. (1997), CCA is a well-suited technique for the analysis of estuarine 
data, to identify indicator species and assemblages, and to evaluate the influence of 
natural and contaminant conditions on the community structure. 
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This analysis was based on data collected at stations 1,3, 5, 7 and 8 because 
phytoplankton taxonomy was determined only at these stations (Fig. 2.1). A set of 
eighteen environmental variables was chosen to be related to the diatom and 
dinoflagellate community structure. Nine of the environmental variables were ratio scale 
data (temperature, salinity, dissolved oxygen, Secchi depth, precipitation and 
concentration of phosphate, nitrite, nitrate and ammonium) and the other nine were 
organized in three sets of nominal variables. One set represented the seasons (dry season 
and rainy season), the other set included the time of the day (morning, noon, afternoon) 
and the last set the tidal phase (high tide, low tide, rising, falling). Nutrient 
concentrations were log transformed (ln(N + 1)) to diminish the skewness of the data. 
The rest of the environmental variables were distributed normally so they were not 
transformed. All the environmental variables utilized in the CCA calculations were 
standardized to a mean 0 and a standard deviation of 1. 
A total of 57 samples collected at five sampling stations were entered into the 
CCA, leaving two samples out of the analysis based on the absence of diatoms or 
dinoflagellates. The entire 172 species identified in the study were utilized in the 
analysis because it was important to establish a baseline of the diatom and dinoflagellate 
community structure during normal conditions (without the effects of ENSO events). If 
changes in these communities due to climate variability occurred, they could be identified 
in future analysis. However rare species were downweighted, using one of the CANOCO 
options, so their occurrence had less influence on the ordination. In addition, the 
abundances of algal cells were log transformed (/«(N + 1)) to meet normality and to 
diminish the effects of dominant species. 
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Different program options were selected to adjust the CCA to the Tumaco Bay 
data set (Rakocinski et al. 1996). Even though, after the first CCA run, the log file 
showed collinearity between each set of nominal variables, they did not need to be 
removed from the active CCA. Unlike the old version of the CANOCO program, in the 
CANOCO 4.5 version the multicollinear nominal variables does not affect the results of 
the ordination (Ter Braak and Smilauer 2002). The CCA was compiled using a forward 
selection procedure to identify the environmental variables that best explained the 
variation in the species matrix. Monte Carlo tests, based on 499 permutations under 
reduced model, were used to determine the statistical significance of the environmental 
variables (P< 0.05). The environmental variables were added to the model when their F 
ratios where higher than the simulated F values generated by the 499 Monte Carlo 
permutations. After the forward selection procedure, the number of environmental 
variables was reduced to nine. However, the other nine were selected as passive 
environmental variables and were also interpreted through their interset correlations. 
The species scores were expressed as weighted means of sample scores to focus 
the ordination on the configuration of species composition. No rescaling or detrending 
was applied to the resultant canonical correspondence analysis axes. Interset correlation 
between the environmental variables and the axes was used to assess how important each 
environmental variable was to the CCA axis. Absolute values of interset correlation 
coefficients > |0.4| were considered as significant biologically. According to Rakocinski 
et al. (1996), a correlation coefficient of ± 0.4 by a contributing variable is usually 
utilized as a criterion of importance. 
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Results 
Environmental Variation 
Seasonal variation in river discharge, meteorological forcing and related 
circulation patterns had a great effect on the distribution and variability of environmental 
conditions throughout Tumaco Bay and in the water column. The climate regime of this 
area was highly influenced by the displacement of the Intertropical Convergence Zone 
(ITCZ), which regulates the pluviometric and climatologic systems of the region. The 
ITCZ had a profound effect at local scale, affecting convective processes and wind 
patterns (Devis 2003). The displacement of the ITCZ on the region caused a strong 
annual cycle where two well defined seasons rainy season (RS) and dry season (DS) and 
two well defined phases cold phase and warm phase were identified. 
First, the ITCZ started to move to the south around December-January and 
reached its southernmost position around the end of March - beginning of April 
(Appendix A), bringing with it the rainy season. During this time of the year 
Northeasterly trade winds entered the area by means of the Panama Jet (Rodriguez et al. 
2003), producing oceanic and coastal upwelling (Chelton et al. 2000; Agujetas et al. 
2001; Devis et al. 2002; Villegas 2002; D'croz and O'dea 2007). This part of the year 
was defined as the cold phase because it was characterized for an important decreased in 
water temperature. Temperatures in the water column dropped by more than 1.0°C at the 
surface with a mean value of 26.3 ±0.18°C (±SD), and by about 1.8°C at depth (100m) 
with a mean value of 13.5 ±0.11°C. The shoaling of the thermocline and halocline to the 
surface (0 to 20 m) was associated with an increase in salinity (32.5 - 34), dissolved 
oxygen (4.5 - 4.7 uM/kg), water clarity (Secchi depth = 8 - 10 m) and nutrient 
concentrations, in general (Fig. 2.2). At the same time four major rivers, the Mira, 
Rosario, Patia, and Mejicano Rivers, had increased discharge during the RS leading to 
increase nutrient concentrations at the interior of the bay. In this part of the bay, salinity 
values were lower (3.6 - 26) than in the rest of the bay (28 - 33) due to the river 
discharge (Fig. 2.3). 
The end of this cold phase was defined by the beginning of a warm phase (in 
May), with a range of mean temperatures going from 27.8 ±0.23 °C at the surface to 14.2 
+0.10°C at depth, followed by the dry season (starting on June), which characterized the 
rest of the year. It was at the end of April when the ITCZ started to migrate back to the 
North (Appendix A). The RS would not end until the end of May, when the highest 
values of temperature (27.8 +0.62°C average) and precipitation (365 +109mm average) 
were observed (Fig. 2.2). The warm phase was typified by the deepened of thermocline 
and halocline (30 to 50 m). The lowest amount of rain (65 - 67 mm) recorded during the 
DS happened during August - September, along with a higher concentration of dissolved 
oxygen (4.6 - 4.7 uM/kg) and an increased in water clarity (Secchi depth around 10 m). 
In general, the concentration of nutrients was very low in the water column throughout 
the whole bay during this part of the year (Fig. 2.2). However, when the ITCZ reached 
its northernmost latitude (around 14°N) during September - October, a small increase of 
nutrients was usually observed (Fig. 2.2). This increase was related to the arrival of the 
Humboldt Current into the area coming from the south. This current on average reached 
the waters of the bay at this particular time of the year. 
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Figure 2.3. Annual mean surface values of biological and environmental variables 
collected in Tumaco Bay at 27 sampling station during the normal regime from 1993 to 
2005. 
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Figure 2.3. (continued). 
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Figure 2.3. (continued). 
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Annual mean values of surface physicochemical variables showed that in general 
the inshore part of Tumaco Bay contained the warmest (28.7 ±0.3°C (±SD)) and freshest 
(12.8 ±2.6) waters of the area, along with the highest concentrations of nutrients and chl a 
(15.4 +11.7 mg/m ). The inshore waters also had low concentrations of dissolved oxygen 
(3.25 +0.2 uM/kg) and the lowest values of water clarity (Secchi depth = 0 m). The 
offshore part of the bay showed opposite characteristics with colder (26.8 ±0.3°C), saltier 
(31.5 ±0.5), clearer (Secchi depth = 11 ±lm) and more oxygenated waters (5.34 ±0.8 
uM/kg) with low nutrient contents and lower chl a (2.1 ±1.3mg/m3) concentration (Fig. 
2.3). 
Diatom and Dinoflagellate Composition 
Diatoms. The total abundance of the diatoms community consisted of 20,822 
cells/ml with an average of 2,975 ±1,786 cells/ml (±SD) per normal year. This group had 
a total of 120 species representing 50 different genera, where 70% of the taxa (84 spp.) 
belong to the Class Coscinodiscophycea, known as centric diatoms; 24.2% (29 spp.) 
belong to the Class Bacillariophyceae, raphid pennate diatoms; and 5.8% (7spp.) belong 
to the Class Fragilariophyceae, araphid pennate diatoms (Appendix B and C). Centric 
diatoms were the dominant group not just for being the most diverse but also for having 
the most abundant and frequent species (Table 2.1). Some of the species that represented 
the highest cell counts were Skeletonema costatum (Cleve 1878), six different species of 
Chaetoceros, Hemiaulus sinensis (Greville 1865), Guinardia striata (Hasle 1997), 
Bacteriastrum hyalinum (Lauder 1864), Proboscia alata (Sundstrom 1986) and 
Thalassionema nitzschioides (Grunow 1862). The last species listed is the only pennate 
33 
diatom with an average cell count higher than 130 cells/ml the rest of the pennate species 
were <59 cells/ml in average (Table 2.1). The 12 top species mentioned above made up 
more than 50% of the entire diatom group. 
16 species were found to be harmful and possible formers of harmful algal 
blooms (HAB or red tides) (Appendix B). Four have been identified as toxic species 
Pseudo-nitzschia delicatissima (Hasle 1928), P. lineola (Hasle 1965), P. pungens (Hasle 
1965) and P. subpacifica (Hasle 1993). Each species contains the toxin domoic acid that 
is responsible for amnesic shellfish poisoning (ASP), produced essentially by Pseudo-
nitzschia algae. However, during the normal regime these taxa were not responsible for 
HAB formation. The other 12 species (Appendix B) are known for causing oxygen 
depletion in the water column when they bloom. Only three of these species of diatoms 
Skeletonema costatum, Chaetoceros curvisetus (Cleve 1889) and Chaetoceros peruvianus 
(Brightwell) have been associated with the formation of HABs in Tumaco Bay. These 
blooms, especially the ones produce by S. costatum, happened almost every year during 
March-April upwelling event. 
Both abundance and composition of diatoms showed a distinct seasonal pattern. 
Species richness increased during the rainy season (RS), also described as a cold phase 
(due to the influence of upwelled waters in the bay) that goes from January through 
April-May, when almost all the taxa (119 spp.) occurred. Abundance values increased 
for the majority of the species through most of this season, with 2,363 +917 cells/ml in 
average. The highest abundances due to the formation of algal blooms were observed 
during March - April of each year (Fig. 2.2) when the upwelled waters increased the 
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Table 2.1 
Total abundance, mean abundance and frequency of occurrence of 120 diatoms and 52 
dinoflagellates found in five sampling stations during the Normal Regime in Tumaco Bay. 
Diatoms organized by class Code 
Bacillariophyceae (raphid pennate diatoms) 
Nitzschia angularis 
Pseudo-nitzschia subpacifica 
Pseudo-nitzschia pungens 
Navicula directa 
Meuniera membranacea 
Pseudo-nitzschia delicatissima 
Nitzschia bicapitata 
Pleurosigma angulatum 
Nitzschia brevirostris 
Nitzschia longissima 
Navicula delicatula 
Pleurosigma nicobaricum 
Navicula cancellata 
Navicula transitans var. derasa 
Pleurosigma normanii 
Bacillaria paxillifer 
Cylindrotheca closterium 
Amphora arenicola 
Nitzschia recta 
Pleurosigma directum 
Nitzschia sigma 
Pseudo-nitzschia lineola 
Amphora lineolata 
Diploneis bombus 
Achnanthes longipes 
Surirellafastuosa 
Diploneis didyma 
Nitzschia lanceolata 
Nitzschia obtusa 
Nit ang 
Psesub 
Psepun 
Nov dir 
Meu mem 
Pse del 
Nit bic 
Pie ang 
Nit bre 
Nit Ion 
Nov del 
Pie nic 
Nov can 
Navtra 
Pie nor 
Bacpax 
Cyl do 
Amp are 
Nit rec 
Pie dir 
Nit sig 
Pse lin 
Amp lin 
Dip bom 
Ach Ion 
Surfas 
Dip did 
Nit Ian 
Nitobt 
Coscinodiscophyceae (centric diatoms) 
Skeletonema costatum 
Chaetoceros lorenzianus 
Chaetoceros curvisetus 
Hemiaulus sinensis 
Chaetoceros peruvianus 
Chaetoceros affinis 
Ske cos 
Chae lor 
Cha cur 
Hem sin 
Cha per 
Chaqff 
Total 
Abundance 
(cell/ml) 
202 
167 
162 
153 
123 
117 
106 
89 
85 
73 
67 
54 
53 
40 
34 
32 
30 
29 
26 
20 
10 
9 
8 
6 
4 
4 
3 
3 
2 
2399 
900 
750 
619 
578 
566 
Average 
Abundance 
(cells/ml) 
33.7 
27.8 
27.0 
25.5 
20.5 
19.5 
17.7 
14.8 
14.2 
12.2 
11.2 
9.0 
8.8 
6.7 
5.6 
5.3 
5.0 
4.8 
4.3 
3.3 
1.6 
1.5 
1.3 
1.0 
0.7 
0.7 
0.5 
0.5 
0.3 
399.8 
150.0 
124.9 
103.2 
96.3 
94.3 
SD 
37.5 
21.4 
29.1 
27.4 
17.5 
23.3 
29.4 
15.4 
26.2 
22.2 
58.6 
8.9 
21.4 
11.2 
11.8 
12.0 
5.5 
5.5 
5.5 
8.2 
3-9 
3.7 
2.1 
2.4 
1.6 
1.0 
1.2 
1.2 
0.8 
295.4 
174.5 
149.0 
103.6 
74.3 
85.2 
Frequency 
(%) 
116 
0.96 
0.93 
0.88 
0.71 
0.67 
0.61 
0.51 
0.49 
0.42 
0.38 
0.31 
0.30 
0.23 
0.19 
0.18 
0.17 
0.16 
0.15 
0.11 
0.05 
0.05 
0.05 
0.03 
0.02 
0.02 
0.02 
0.02 
0.01 
13.78 
5.17 
4.31 
3.56 
3.32 
3.25 
Table 2.1 (continued). 
35 
Diatoms organized by class 
Guinardia striata 
Bacteriastrum hyalinum 
Chaetoceros didymus 
Proboscia alata 
Chaetoceros costatus 
Chaetoceros radicans 
Thalassiosira anguste-lineata 
Ditylum brightwellii 
Coscinodiscus excentricus 
Lithodesmium undulatum 
Chaetoceros diversus 
Rhizosolenia setigera 
Leptocylindrus danicus 
Chaetoceros cinctus 
Chaetoceros compressus 
Coscinodiscus centralis 
Coscinodiscus nitidus 
Odontella sinensis 
Odontella regia 
Guinardia flaccida 
Leptocylindrus mediterraneus 
Biddulphia alternans 
Eucampia cornuta 
Coscinodiscus concinnus 
Detonula confervacea 
Chaetoceros dichaetus 
Corethron criophilum 
Rhizosolenia imbricata 
Coscinodiscus granii 
Bacteriastrum elongatum 
Dactyliosolenfragilissimus 
Coscinodiscus radiatus 
Par alia sulcata 
Guinardia delicatula 
Lauderia annulata 
Coscinodiscus marginatus 
Thalassiosira leptopus 
Bacteriastrum elegans 
Dactyliosolen antarcticus 
Code 
Gui str 
Bac hya 
Cha did 
Pro ala 
Cha cos 
Cha rad 
Tha ang li 
Dit bri 
Cos ecc 
Lit und 
Cha div 
Rhi set 
Lep dan 
Cha cin 
Cha com 
Cos cen 
Cos nit 
Odo sin 
Odo reg 
Guifla 
Lep med 
Bid alt 
Euc cor 
Cos con 
Det con 
Cha die 
Cor cri 
Rhi imb 
Cos gra 
Bac elo 
Dacfra 
Cosrad 
Par sul 
Gui del 
Lau ann 
Cos mar 
Tha lep 
Bac ele 
Dae ant 
Total 
Abundance 
(cell/ml) 
537 
533 
423 
392 
368 
317 
302 
299 
279 
278 
243 
235 
224 
213 
202 
198 
167 
154 
150 
131 
131 
128 
119 
117 
115 
102 
102 
101 
98 
96 
89 
86 
79 
74 
67 
57 
57 
56 
55 
Average 
Abundance 
(cells/ml) 
89.4 
88.8 
70.5 
65.3 
61.3 
52.8 
50.3 
49.8 
46.5 
46.3 
40.5 
39.2 
37.3 
35.5 
33.7 
33.0 
27.8 
25.7 
25.0 
21.8 
21.8 
21.3 
19.8 
19.4 
19.2 
17.0 
17.0 
16.8 
16.3 
16.0 
14.8 
14.3 
13.1 
12.3 
11.2 
9.5 
9.5 
9.3 
9.2 
SD 
41.5 
69.1 
64.8 
34.1 
140.0 
118.4 
36.8 
60.9 
47.7 
83.9 
33.9 
36.1 
27.1 
47.2 
79.6 
80.8 
30.2 
25.8 
38.0 
45.7 
24.9 
42.0 
17.6 
19.9 
34.7 
36.0 
24.3 
23.4 
12.7 
29.0 
28.8 
27.4 
14.7 
17.5 
14.8 
20.0 
11.2 
10.5 
17.8 
Frequency 
(%) 
3.08 
3.06 
2.43 
2.25 
2.11 
1.82 
1.74 
1.72 
1.60 
1.60 
1.40 
1.35 
1.29 
1.22 
1.16 
1.14 
0.96 
0.88 
0.86 
0.75 
0.75 
0.74 
0.68 
0.67 
0.66 
0.59 
0.59 
0.58 
0.56 
0.55 
0.51 
0.49 
0.45 
0.43 
0.38 
0.33 
0.33 
0.32 
0.32 
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Diatoms organized by class Code 
Fragilariophyceae (araphid pinnate diatoms) 
ThalassiOnema nitzschioides 
Thalassionemafrauenfeldii 
Thalassiothrix heteromorpha 
Asterionellopsis glacialis 
Asteroplanus karianus 
Thalassiothrix mediterranea 
Lioloma pacificum 
Dinoflagellates organized by 
Order 
Dinophysiales (armored cells) 
Dinophysis ovum 
Ornithocercus splendidus 
Ornithocercus steinii 
Dinophysis acuminata 
Gonyaulacales (armored cells) 
Gonyaulax sphaeroidea 
Gonyaulax fragilis 
Ceratium furca 
Lingulodinium polyedrum 
Ceratium fusus 
Gonyaulax turbiney 
Ceratocorys horrida 
Oxytoxum scolopax 
Goniodoma sphaericum 
Pyrophacus steinii 
Alexandrium tropicale 
Gonyaulax pacifica 
Gonyaulax polygramma 
Ceratium tripos 
Ceratium macroceros 
Ceratium pentagonum 
Ceratium trichoceros 
Corythodinium cOnstrictum 
Oxytoxum longiceps 
Oxytoxum turbo 
Thanit 
Thafra 
Thai het 
Ast gla 
Ast kar 
Thai med 
Liopac 
Code 
Din ovu 
Orn spl' 
Orn ste 
Din acu 
Gon sph 
Gonfra 
Cerfur 
Linpol 
Cerfus 
Gon tur 
Cerhor 
Oxy sco 
Gon sph 
Pyr ste 
Ale tro 
Gonpac 
Gonpolg 
Cer trip 
Cer mac 
Cer pen 
Cer tri 
Cor con 
Oxy Ion 
Oxy tur 
Total 
Abundance 
(cell/ml) 
784 
353 
228 
83 
72 
70 
46 
Total 
Abundance 
(cell/ml) 
8 
6 
6 
4 
149 
78 
49 
41 
39 
32 
30 
22 
21 
21 
13 
12 
10 
6 
4 
4 
4 
4 
4 
4 
Average 
Abundance 
(cells/ml) 
130.7 
58.8 
38.0 
13.8 
12.0 
11.7 
7.7 
Average 
Abundance 
1.3 
1.0 
1.0 
0.7 
24.8 
13.0 
8.2 
6.8 
6.5 
5.3 
5.0 
3.7 
3.5 
3.5 
2.2 
2.0 
1.7 
1.0 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
SD 
52.0 
64.4 
41.8 
11.7 
27.8 
28.6 
11.9 
SD 
1.6 
2.4 
2.4 
1.6 
48.1 
31.8 
8.7 
14.8 
5.5 
10.3 
9.4 
5.6 
8.6 
3.9 
3.3 
4.0 
2.3 
2.4 
0.8 
1.0 
1.6 
1.6 
1.6 
1.6 
Frequency 
(%) 
4.50 
2.03 
1.3.1 
0.48 
0.41 
0.40 
0.26 
Frequency 
(%) 
0.54 
0.40 
0.40 
0.27 
10.03 
5.25 
3.30 
2.76 
2.62 
2.15 
2.02 
1.48 
1.41 
1.41 
0.87 
0.81 
0.67 
0.40 
0.27 
0.27 
0.27 
0.27 
0.27 
0.27 
Table 2.1 (continued). 
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Dinoflagellates organized by 
Order 
Ceratium externum 
Gonyaulax milneri 
Palaeophalacroma verrucosa 
Gymnodiniales (unarmored cells) 
Gymnodinium sanguineum 
Gymnodinium catenatum 
Peridiniales (unarmored cells) 
Scrippsiella trochoidea 
Protoperidinium steinii 
Diplopelta asymmetrica 
Protoperidinium elegcms 
Preperidinium meunieri 
Protoperidinium oceanicum 
Protoperidinium ovum 
Blepharocysta splendor - maris 
Protoperidinium abei 
Protoperidinium conicum 
Protoperidinium sphaericum 
Heterocapsa niei 
Podolampas bipes 
Podolampas palmipes 
Protoperidinium excentricum 
Protoperidinium pentagonum 
Prorocentrales (unarmored cells) 
Prorocentrum micans 
Prorocentrum gracile 
Prorocentrum compressum 
Prorocentrum arcuatum 
Prorocentrum minimum 
Pyrocystales (unarmored cells) 
Pyrocystis hamulus 
Pyrocystis noctiluca 
Code 
Cerext 
Gon mil 
Pal ver 
Gym san 
Gym cat 
Scrtro 
Prot ste 
Dip ass 
Prot ele 
Pre meu 
Prot oce 
Protovu 
Blespl 
Prot abe 
Prot con 
Prot sph 
Het nie 
Podbip 
Podpal 
Prot ecc 
Prot pen 
Pro mic 
Pro gra 
Pro com 
Pro arc 
Pro min 
Pyr ham 
Pyrnoc 
Total 
Abundance 
(cell/ml) 
2 
2 
2 
28 
12 
115 
81 
77 
41 
39 
18 
18 
15 
12 
12 
7 
4 
4 
4 
4 
4 
227 
80 
54 
20 
13 
19 
2 
Average 
Abundance 
(cells/ml) 
0.3 
0.3 
0.3 
4.7 
2.0 
19.1 
13.4 
12.8 
6.8 
6.5 
3.0 
3.0 
2.5 
2.0 
2.0 
1.2 
0.7 
0.7 
0.7 
0.7 
0.7 
37.8 
13.3 
9.0 
3.3 
2.2 
3.2 
0.3 
SD 
0.7 
0.8 
0.8 
7.2 
4.0 
32.8 
19.1 
10.2 
1.6 
9.3 
6.4 
6.4 
4.2 
2.7 
4.9 
2.4 
1.0 
1.6 
1.0 
13.0 
1.0 
42.8 
24.2 
14.0 
8.2 
4.5 
6.8 
0.8 
Frequency 
(%) 
0.13 
0.13 
0.13 
1.88 
0.81 
7.71 
5.42 
5.18 
2.76 
2.62 
1.21 
1.21 
1.01 
0.81 
0.81 
0.47 
0.27 
0.27 
0.27 
0.27 
0.27 
15.28 
5.38 
3.63 
1.35 
0.87 
1.28 
0.13 
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concentrations of nutrients and decreased water temperature in the bay (Fig. 2.2). The 
species responsible for the formation of these blooms were the ones mentioned above 
plus Chaetoceros lorenzianus (Grunow 1863) and C. affinis (Lauder 1864). During the 
dry season (DS) or warm phase that typified the rest of the year, species richness dropped 
when 29% (34 spp.) of the species were not found. Only one species (Stephanopyxis 
turris (Greville) that was observed in the DS was not present during the RS (Appendix 
E). The abundance of the majority of the species (47%) also decreased during this season 
with a mean value of 796 +536 cells/ml. However, it was just at the middle of this 
season, around September-October, when a group of another diatoms was observed 
associated with an increase of nutrients as well and the lowest temperatures for this 
season (Fig. 2.2). This variation in environmental conditions occurred almost every year 
and has been related to the influence of the Humboldt Current in the bay. The species 
that increased in abundance during this part of the year were once again S. costatum plus 
Chaetoceros radicans (Schtitt 1895), Chaetoceros compressus (Lauder 1864), Hemiaulus 
sinensis, Thalassionemanitzschioid.es, Chaetoceros costatus (Pavilard 1911), Guinardia 
striata (Stolterfoth) and Bacteriastrum hyalinum (Lauder, 1864). 
Dinoflagellates. The abundance and species richness of this group was much 
lower than for the diatoms community, yet it is still a very important component of the 
phytoplankton community. The total abundance of this group was 1,486 cells/ml, with an 
average of 247 ±214 cells/ml (±SD) during a normal year, represented by 52 species that 
belong to 22 genera (Table 2.1). 75% of the members of this group belong to the Orders 
Gonyaulacales (23 spp.) and Peridiniales (16 spp.), and the rest of the taxa to the Orders 
Prorocentrales (5 spp.), Dinophysiales (4spp.), Gymnodiniales (2 spp.) and Pyrocystales 
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(2 spp.) (Appendix B and D). Even though the order Prorocentrales had only few 
members, all from the genus Prorocentrum, it contained the most abundant and frequent 
species of the whole dinoflagellate community. Prorocentrum micans (Ehrenberg 1833) 
was the most abundant species, with an average of 38 ±43 cells/ml per year and with the 
highest frequency of occurrence (15.3%). This species were follow by Gonyaulax 
sphaeroidea (Kofoid 1911), Scrippsiella trochoidea (Stein), Protoperidinium steinii 
(Balech 1974), Prorocentrum gracile (Schtitt 1895), Gonyaulax fragilis (Kofoid 1911) 
and Diplopelta asymmetrica (Mangin) (Table 2.1). 
Prorocentrum micans is also a HAB species that causes oxygen depletion in the 
water column. Another 9 species were also identified as harmful species, where four 
could be responsible for oxygen depletion, and the other five carried different types of 
toxins (Appendix B). Lingulodinium polyedrum (F. Stein), Alexandrium tropicale 
(Balech 1985) and Gymnodinium catenatum (Graham 1943) produce paralytic shellfish 
poison or PSP (e.g. saxitoxins). The other two, Prorocentrum minimum (Schiller 1933) 
and Dinophysis acuminata (Claparede and Lachmann 1859) carry diarrheic shellfish 
poison toxins or DSP (e.g. okadaic acid). From all these species, the only one known to 
form HABs during the normal regime in Tumaco Bay was P. micans, when its abundance 
increased almost every May of each year, coinciding with the highest values of 
temperature and rain in the bay (Fig. 2.2). It was also at this time of the year (end of 
April - May) when most of the dinoflagellate community was found (Fig. 2.2). This 
community exhibited seasonality during the RS with both increased abundance and 
species richness. The average abundance was 250 +125 cells/ml, belonging to 47 
species. In contrast, the DS was characterized by a decreased in species richness and by a 
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significant dropped in the number of cells 37 ±29 cells/ml in average, represented by 34 
species (Appendix E). 
Abundance values of diatoms and dinoflagellates also were influence by the 
location of the sampling stations. In general both groups were more abundant at the 
inshore stations with mean values of 836 ±265 cells/ml related with higher concentration 
of nutrients (P04 of 1.35 ±0.34 uM, N0 2 of 2.47 ±0.11 uM, N0 3 of 5.49 ±1.41uM, and 
NH4 of 4.62 ±0.41 uM); and less abundant at the offshore stations with an average of 193 
±95cells/ml where the nutrient contents also was lower (PO4 of 0.09 ±0.01 uM, NO2 of 
0.03 ±.0.01 uM, N0 3 of 0.06 ±0.03 uM, andNH4 of 0.27 ±0.04 uM) (Fig. 2.3). 
Canonical Correspondence Analysis 
A Monte Carlo test of F-ratios identified nine environmental variables for having 
significant influence in the diatom - dinoflagellate community structure. The remaining 
nine were considered as passive environmental variables and were analyzed through their 
interset correlations (Table 2.2). However the passive variables did not contribute to the 
calculation of the sample scores. Any active or passive environmental variable with an 
inter-set correlation > |0.4| was considered as a biologically important. This condition 
was followed by just one of the passive variables (Secchi depth) and most of the active 
variables, except for salinity (Table 2.2). 
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Table 2.2 
Interset correlation of environmental variables with Canonical Correspondence Analysis 
(CCA) axes. Selected variables are the ones that were significant in the Monte Carlo 
permutation test of F-ratios (P<0.05). Bold values correspond to the variables that were 
biologically important (r >_\0.4\) for that CCA axis. 
CCA axis 1 CCA axis 2 CCA axis 3 CCA axis 4 
Selected variables 
Precipitation 
Temperature 
Salinity 
Nitrite 
Nitrate 
Dry Season 
Rainy Season 
Afternoon 
Morning 
issive variables 
Secchi Depth 
02 
Ammonium 
Phosphate 
High Tide 
Low Tide 
Rising 
Falling 
Noon 
0.0248 
0.6811 
-0.0572 
0.0383 
-0.5315 
-0.2361 
0.2361 
0.0080 
-0.0817 
0.4396 
-0.2465 
0.0691 
0.1533 
-0.0319 
-0.0688 
0.1592 
-0.0973 
0.1102 
0.7332 
0.0419 
-0.0896 
-0.1714 
-0.4858 
0.6354 
-0.6354 
0.2752 
-0.1200 
-0.1953 
-0.1977 
-0.3492 
0.1963 
-0.1351 
-0.1018 
0.1999 
-0.0334 
-0.2022 
0.2647 
-0.3093 
0.1682 
-0.3684 
0.0800 
-0.3993 
0.3993 
-0.5255 
0.4987 
0.0828 
0.2919 
-0.3246 
0.1619 
0.0846 
0.2317 
-0.2809 
0.0546 
-0.0143 
0.0837 
-0.2858 
-0.0177 
-0.4503 
-0.0287 
-0.0710 
0.0710 
-0.2480 
0.2766 
0.2734 
-0.0788 
-0.3157 
-0.2380 
-0.1296 
0.1515 
0.1204 
-0.1643 
-0.0680 
The CCA constrained the species ordination to a pattern that best correlated with 
the designated environmental variables. Eigenvalues, that measure the importance of 
every CCA axis and range between 0 and 1, were generated for each CCA axis. 
Eigenvalues were higher for CCA axis 1 (0.201) and relatively low (i.e. <0.2) for the rest 
of the axes (Table 2.3). Species-environmental correlations were high for the four axes 
where CCA 1 showed the lowest value 0.775 and CCA 2 the highest 0.863. The sum of 
all canonical eigenvalues was 0.704, which represented only the 18% of the total inertia 
(3.832). This is mostly due to the constraining effect of building environmental 
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relationships into the CCA model. The cumulative percentage of species variance totaled 
14.2% for the first four axes and the cumulative percentage of species-environmental 
relation totaled 77.6% for these axes (Table 2.3). The first two CCA axes were chosen to 
interpret the data and to generate the ordination diagrams, since these two axes explained 
63% of the variance in the species data, and also a good number of the biologically 
important environmental variables were expressed in these axes (Table 2.2). 
Table 2.3 
Summary of the Canonical Correspondence Analysis (CCA) for the biological (172 
species) and environmental data derived from 57 collections in Tumaco Bay. All four 
eigenvalues reported in this table are canonical and correspond to axes that are 
constrained by the environmental variables. 
Eigenvalues 
Species-environment correlations 
Cumulative percentage variance 
of species data 
of species-environment relation 
Sum of all unconstrained eigenvalues 
Sum of all canonical eigenvalues 
1 
0.201 
0.775 
5.2 
28.5 
CCA axes 
2 
0.139 
0.863 
8.9 
48.2 
3 
0.124 
0.861 
12.1 
65.9 
4 
0.082 
0.786 
14.2 
77.6 
Total inertia 
3.832 
3.832 
0.704 
Different CCA plots were generated that illustrate the species scores, the sample 
scores and the environmental variables (these plots could be combined as a biplots or 
triplots but for interpretation effects due to the large number of species it was better to 
keep them separate). The ordination diagram with species scores showed their dispersion 
pattern where the distance between the symbols in the diagram approximated the 
dissimilarity of distribution of relative abundance of those species across the samples, 
measured by their Chi-square distance. Points in proximity corresponded to species 
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frequently occurring together (Fig. 2.4 a). The ordination diagram with sample scores 
also showed the sample dispersion pattern, but in this case, the distance between the 
symbols in the plot approximated the dissimilarity of their species composition, measured 
by their Chi-square distance (Fig. 2.4c). The Ordination diagram with environmental 
variables was represented by arrows and symbols. In this plot, each arrow pointed in the 
expected direction of the steepest increase of values of environmental variable, the angles 
between arrows denoted correlations between individual environmental variables and the 
lengths of arrows denote the strengths of the correlations. The symbols represented 
nominal environmental variables corresponding to individual levels of a factor that was 
interpreted as individual groups (classes) of samples. The distance between the symbols 
approximated the average dissimilarity of species composition between the two sample 
classes being compared, measured by their Chi-square distance (Fig. 2.4b). 
The two communities (diatoms and dinoflagellates) did not cluster independently 
from each other (Fig. 2.4). Both temporal and spatial distribution of the species, 
regardless of the group, was strongly influenced by variations in environmental 
conditions. Variables like precipitation, temperature, nitrites, nitrates, Secchi depth, and 
the nominal variables that described seasonality (dry season and rainy season) and 
daytime (morning and afternoon) were important correlates with diatoms-dinoflagellates 
community structure in the CCA (Table 2.2). 
Temporal variability in species abundance and composition. Numerous species 
responded strongly to seasonality patterns. The ordination diagrams of sample scores and 
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Figure 2.4. Ordination diagrams of a) species scores, b) important environmental 
correlation vectors and symbols (i.e. p<0.05 and r >|0.4| Table 2.2), and c) sample scores 
for the two first CCA axes. 
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species scores classified by seasons showed how the distribution of its respective samples 
and species clearly responded to the dry (DS) and rainy seasons (RS) (Fig. 2.5a, b). 
Variables like precipitation and temperature showed the highest level of significance 
(0.7332 and 0.6811 respectively), and correlated especially well with CCA axes 2 and 1. 
An attribute loss plot of precipitation combined with species scores illustrated how the 
species clustered particularly at the center-lower part of the plot responding to rain values 
between 220 and 230 mm and temperatures in the range of 26.8 and 27.0°C (Fig. 2.7a, c). 
These values were observed during the RS/cold phase around February - April and 
coincided with the highest cell counts. 
Species richness and abundance clearly increased for the entire community during 
the RS, when 33% of the taxa represented by 56 species (34 diatoms and 22 
dinoflagellates) that were found during the RS did not occur during the DS (Fig. 2.6a, 
Appendix E). The species scores of the taxa that only appeared during the RS fell mainly 
towards the lower right-hand part of the 2-dimensional CCA space and the few species (1 
diatom and 5 dinoflagellates) that only occurred during the DS fell in the upper left-hand 
side of the plot (Fig. 2.6a). The majority of the species that showed very high abundance 
values during the RS (75% of the spp.), including the ones that bloomed (diatoms during 
March - April and dinoflagellates during May), were all clustered in the middle-lower 
part of the CCA ordination diagram (Fig. 2.6b). Instead, the few taxa (7%) that increased 
their abundance during the DS were scattered in the upper CCA space (Fig. 2.6c). In 
general the species that fell in the middle and lower part of the CCA plot were related to 
mid-high and high concentrations of nutrients, while the ones from the upper part were 
associated with lower nutrient contents (Fig. 2.7e,f). 
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An interesting feature to point put is how some of the genera with their entire set 
of species that thrived during the RS, almost disappeared or were completely absent 
during the DS. This is the case for the diatom genera Asteromphalus (4 spp.), 
Cerataulina (2 spp.), Coscinodiscus (8 spp.), Cyclotella (2 spp.), Navicula (4 spp.) and 
Pleurosigma (4 spp.), and the dinoflagellate genera Protoperidinium (9 spp.) and 
Prorocentrum (5 spp.). There were also some species (23%) in which the number of 
cells did not change much between the two seasons (Fig. 2.6d, Appendix E). These 
species were associated with mid-low values of nutrients and a wide range of salinity and 
temperature values (Fig. 2.7). 
Some species, like Coscinodiscus centralis (Ehrenberg 1844), Detonula 
confervacea (Gran 1900), Azpeitia nodulifera (Schmidt), Thalassiothrix mediterranea 
(Cupp 1943), Navicula f. delicatula (Cleve), Navicula cancellata (Donkin 1873) and 
Lioloma paciflcum (Cupp) were grouped as species exclusively seen during the RS, and 
showed the highest abundance values for this group. They were all arrayed in the lower 
right-hand side of the CCA plot (Fig. 2.6a). These species occurred during the March -
April upwelling event that decreased the temperature and increased the nutrient 
concentration of the waters of the bay (Fig. 2.2). Conversely, six species -Stephanopyxis 
turris, Ornithocercus steinii (Schutt 1900), Ceratium trichoceros (Ehrenberg), 
Corythodinium constrictum (Stein), Palaeophalacroma verrucosa (Schiller 1928) and 
Pyrocystis noctiluca (Murray ex Haeckel 1890)- that appeared exclusively during the DS 
were all arrayed at the upper-left-hand side of the CCA plot (Fig. 2.6a). They were found 
in very low numbers and were all related to low nutrient concentrations. 
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the two first CCA axes, a) Species only seen during the RS and DS, b) species that 
increased abundance during the RS, c) species that increased abundance during DS, and 
d) species that did not change much. Diatoms black ink and dinoflagellates red ink. Code 
names can be found in Table 2.1. 
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Figure 2.7. Attribute loss plots of a) precipitation (mm), b) salinity, c) temperature (°C), 
d) Secchi depth (m), e) log of nitrite (uM) and, f) log of nitrate (uM), combined with 
constrained species scores for the two first CCA axes. 
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Skeletonema costatum, Chaetoceros lorenzianus, Chaetoceros curvisetus, Chaetoceros 
afflnis, Chaetoceros peruvianus, Bacteriastrum hyalinum, Guinardia striata, that were 
some of the diatoms responsible for forming blooms in the bay, were all clustered 
together almost at the center of the CCA space (Fig. 2.8). These blooms, that occurred 
during the RS, seemed to occur under a particular set of environmental conditions 
involving salinities in the range of 30 and 31, temperatures around 26.8 and 27.0°C, 
Secchi depth between 7 and 8 m and high nutrient concentrations (NO2 ranged between 
0.05 and 0.06 uM and NO3 between 0.10 and 0.12 uM) (Fig. 2.7 and 2.8). In contrast, 
bloom forming dinofiagellates like Prorocentrum micans, Gonyaulax sphaeroidea, 
Scrippsiella trochoidea and Prorocentrum gracile were scattered on the right-hand side 
of the CCA plot associated with higher temperatures 27.3 to 28.0 °C, higher water clarity 
(Secchi depth = 8 - 11 m) and high to moderate nutrient concentrations (Fig. 2.7 and 2.8). 
Species like Skeletonema costatum, Chaetoceros radicans and Chaetoceros compressus 
were grouped as species that increased their abundance during the DS (Fig. 2.6c). The 
two Chaetoceros spp. went from almost being absent during the RS to thriving during the 
DS. These species were seen at station 5 (located offshore at the oceanic part of the bay) 
that was associated with the influence of the Humboldt Current that brings colder and 
saltier waters with high nutrient concentrations into the area around August - October. 
Even though seasonality was a strong factor controlling the temporal variability in 
species distribution and composition, there was another factor that influenced these 
communities at a completely different time scale during the day. The nominal variables 
identified as a morning (samples collected from 7:00 to 11:00 AM) and afternoon 
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dinoflageilates that make blooms; and attribute loss plots of b) temperature, c) log of 
nitrite and, d) log of nitrate, combined with species that bloom. 
(samples collected from 1:00 to 6:00 PM) were found to be important biologically (i.e. > 
|0.4|). The variable noon (11:00 AM to 1:00 PM) was not found significant so was not 
analyzed further (Table 2.2). However, it is important to mention that none of the taxa 
increased their abundance at noon. The number of cells always increased during the 
morning or in the afternoon, but never at noon (Appendix F). The ordination diagrams of 
sample scores and species scores, classified by daytime, showed how the samples and 
species that increased their abundance in the morning were scattered mostly in the upper 
part of the 2-dimensional CCA space, and the ones with higher numbers in the afternoon 
were spread at the lower right-hand portion of the CCA plot (Fig. 2.9 a,b). Species were 
placed into each of these categories (abundance increased in the morning or abundance 
increased in the afternoon) when abundance increased by more than a factor of 2 
(Appendix F). Species that did not fall into these categories were assigned as species that 
did not show major changes in their abundance values during the day. It was found that 
34% of the taxa (37 diatoms and 21dinoflagelates) were in this group and most of them 
were clustered at the center of the CCA plot (Fig.2.9e, Appendix F), associated with 
Secchi depth values within the rage of 5 to 8 m and temperatures that went from 27.3 -
27.5°C (Fig. 2.7c,d). 
Species that showed elevated numbers of cells in the morning formed the largest 
group, with 44% of the species (54diatoms and 21 dinoflagellates) (Fig.2.9c, Appendix 
F). Some of the most important species of the entire community were part of this group: 
Skeletonema costatum (the most abundant of all), followed by Chaetoceros curvisetus, 
Thalassionema nitzschioides, Hemiaulus sinensis, Chaetoceros costatus, C. peruvianus 
and C. radicans. In general, the members of this group were related with a wider and 
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higher range of Sechhi depth values (6 m to more than 12 m) and lower values of 
temperature (27 - 27.4°C). Whereas the species that increased their abundance in the 
afternoon were associated with less clear waters (Secchi depth = 1 m to 8 m) and warmer 
waters (27.3 - 28°C) (Fig. 2.7c,d). This group was represented by only 23% of the 
species (29 diatoms and 10 dinoflagellates) (Fig.2.9d, Appendix F). 
Chaetoceros compressus, Chaetoceros costatus, Chaetoceros radicans, 
Guinardia flaccida and Scrippsiella trochoidea were some of the species that exhibited a 
remarkable abundance increased during the morning, with hundreds of cells in the 
morning and very few in the afternoon. Navicula directa was the only species that 
exhibited an opposite behavior, going from 8 cells in the morning to 145 in the evening 
(Appendix F). Some genera, with their entire set of species, also preferred either the 
morning or the afternoon to divide. That was the case of the diatoms of the genus 
Dactyliosolen (2 spp.), Guinardia (3 spp.), Hemiaulus (3 spp.), Pseudo-nitzschia (4 spp.), 
Rhizosolenia (7 spp.) and the dinoflagellates of the genus Dinophysis (2 spp.), 
Ornithocercus (2 spp.), Pyrocistis (2 spp.) that always increased their abundances during 
the morning. Few genera (all diatoms), Amphora (2 spp.), Cerataulina (2 spp.), Navicula 
(4 spp.) and Pleurosigma (4 spp.), were seen in higher numbers during the afternoon. 
Spatial variability in species distribution and composition. Ordination diagrams 
of sample scores and species scores showed how the abundance, distribution and 
composition of a great number of species (46%) seemed to respond not just to temporal 
variation, but also to the environmental conditions that characterized the different sites 
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from where they were collected. Consequently, these species that were found in different 
stations that were influenced by different environmental conditions, were spread over 
different areas in the 2-dimensional CCA space (Fig. 2.10a). However, the remaining 
54% of the species seemed to respond more strongly to seasonal patterns than to a spatial 
variability throughout the bay. This was demonstrated by the fact that even though these 
species were found in all of the five sampling stations, their abundance did not differ 
much between stations and they were clustered together at the center and at the middle 
right-hand side of the CCA plot (Fig. 2.10b), associated with a particular set of 
environmental conditions regardless of the location of the station. These species were all 
collected during the RS and in general seemed to respond to the conditions that 
characterized the RS. 
CCA plots of scores from the species that showed higher responses to spatial 
patterns in the bay were generated. Species scores of collections made at stations 1 (six 
collections) and 3 (seven collections) were scattered mostly in the mid-lower portion of 
the 2-dimensional CCA space (Figs , 2.1 la,b), and were associated with warmer and 
fresher waters that contained the lowest water clarity (Secchi depth) values and the 
highest nutrient concentrations. These stations were located inshore in shallower waters 
that were highly influenced by river discharge (Fig. 2.1,2.12 and 2.13). Species scores 
of taxa collected at station 5 (21 collections) were mainly spread in the mid-upper space 
of the CCA plot (Fig. 2.1 lc), and were related with colder and saltier waters (except for 
two collections, left-hand side, in which salinity was lower), with higher Secchi depth 
values and mid to low nutrient concentrations. This station was the farthest from the 
coast (10 miles) where the effects of the rivers were greatly diminished and the waters 
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were deeper, with more oceanic characteristics (Fig. 2.1,2.12 and 2.13). Species scores 
from organisms obtained from stations 7 (14 collections) and 8 (seven collections) were 
arrayed around the center of the ordination plot (Fig. 2.1 ld,e), and were associated with 
mid temperature and mid-lower salinity values, intermediate Secchi depth values and 
mid-high nutrient contents. These two stations located offshore of the bay had mid 
depths (around 30 m) and were influenced by some of the waters coming from the rivers 
and by oceanic waters (Fig. 2.1,2.12 and 2.13). 
Pennate diatoms, like Achanthes longipes (Agardh 1824), Amphora arenicola 
(Grunow 1895), A. lineolata (Ehrenberg 1838), Bacillariapaxillifera (Mtill.), Diploneis 
didyma (Mills), Navicula cancellata (Donkin 1873), N. delicatula (Cleve), Nitzschia 
lanceolata (W. Smith), N. obtusa (W. Smith 1853), N. sigma (Kiitzing.), Pleurosigma 
directum (Grunow 1880), centric diatoms like Actinoptychus senarius (Ehrenberg 1843), 
Cerataulina pelagica (Cleve), Coscinodiscus curvatulus (Grunow 1878), Cyclotella 
meneghiniana (Ktitz 1844), Gossleriella tropica (Schiitt 1893), Odontella longicruris 
(Greville), and two dinoflagellates Ceratium extensum (Gourret) and Protoperidinium 
oceanicum (VanHoffen) were all seen only at the inshore stations 1 and 3 (Fig. 2.11 a,b). 
The majority of these species are large and solitary cells, except Bacillaria paxillifera 
that always forms chains. They have been found in warmer waters (Appendix B). 
Amphora arenicola and Cerataulina pelagica are also fresh water species (Appendix B). 
Some of the species that appeared exclusively at station 5 (the most oceanic 
station) had smaller cells that form chains, in case of the diatoms (except Pseudosolenia 
calcar avis (Schultze) that is found solitary or in pairs). This species have been found in 
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saltier and colder waters (Appendix B). One pennate diatom Pseudo-nitzschia lineola 
(Cleve), four centric diatoms Bacteriastrumfurcatum (Shadbolt 1854), Chaetoceros 
atlanticus (Cleve 1873), Pseudosolenia calcar avis, Stephanopyxis turris, and seven 
dinoflagellates (Gonyaulacales) Ceratium trichoceros, C. pentagonum, Corythodinium 
constrictum, Goniodoma sphaericum (Murray and Whitting 1899), Gonyaulax milneri 
(Murray and Whitting) and Palaeophalacroma verrucosa made up of this group (Fig. 
2.11c). Nine species, 5 centric diatoms (Hemiaulus hauckii (Grunow 1882), Chaetoceros 
radicans, Chaetoceros compressu and Chaetoceros laciniosus (Schiitt 1895) and 4 
dinoflagellates (2 Dinophysales Ornithocercus steinii and Ornithocercus splendidus 
(Schutt 1893), 1 Peridiniales Blepharocysta splendor-maris (Ehrenberg), and 1 
Pyrocystales Pyrocystis hamulus (Cleve 1900) with similar characteristics were only seen 
at stations 5 and 7 (Fig. 2.1 lc,d). Finally, one centric diatom, Asteromphalus brookei 
(Bailey 1856), and two dinoflagellates, Pyrocystis noctiluca (Pyrocystal) and 
Podolampas bipes (Stein 1883) (Peridinial), were found only at station 7 (Fig. 2.1 Id). 
They are solitary medium size species. These species have been associated with colder 
and fresher waters (Appendix B). Station 8 did not have any unique species due in 
particular to the location of the station, which was surrounded by the other four stations 
(1,3,5 and 7), so it shared the same species with all of them (Fig. 2.1 le). 
CHAPTER III 
INTERANNUAL VARIABILITY OF PHYTOPLANKTON SPATIAL DISTRIBUTION 
AND COMPOSITION AND THE EFFECTS OF ENSO ON THE STRUCTURE OF 
THE COMMUNITY IN TUMACO BAY, COLOMBIA 
Introduction 
Climate influences a variety of ecological processes through changes in weather 
parameters such as temperature, wind, rain, and ocean currents. These variations drive 
temporally and spatially-averaged exchanges of heat, momentum, and water vapor that 
ultimately determine growth, recruitment, and migration patterns (Stenseth et al. 2002). 
One of the best-known climate phenomena, ENSO, affects ecological patterns and 
processes in marine and terrestrial systems (Aebischer et al. 1990; Stenseth et al. 2002; 
Fiedler 2002; Fiedler and Philbrick 2002). The Equatorial Pacific, where interannual 
variances are higher than seasonal variances, is well known for interannual variability 
caused by ENSO, which has a profound impact upon the region, producing abnormal 
conditions in most of the tropics (Mutugudde et al. 1999; Dandonneau et al. 2002). 
According to Pineda et al. (2001), Devis et al. (2002) and Garcia-Hansen and 
Malikov (2002), along the Colombian Pacific coast, large interannual changes in sea 
surface temperature, depth of the thermocline and oxycline, sea level, and circulation 
patterns are related to El Nino-La Nina phases of the ENSO cycle, which impact the 
phytoplankton community structure and productivity. Karl et al. (1995) and Suzuki et al. 
(1997) suggested that variations in water temperature could cause changes in abundance, 
diversity, and spatial distribution of phytoplankton communities and increase toxic 
66 
phytoplankton species and harmful algae blooms in different regions of the ocean. Devis 
et al. (2002) and Garcia-Hansen and Malikov (2002) found a strong relationship between 
the appearance and increase of toxic dinoflagellate species and the occurrence of El Nino 
events in the Eastern Pacific Ocean. These observations deserve special attention, 
because strong environmental changes in marine ecosystems affect not only the 
abundance of phytoplankton populations, but also their size, structure, and composition, 
which have important implications for ecological interactions and coupling between 
lower and higher trophic levels (Limsakul et al. 2001; Molinero et al. 2006; Thiel et al. 
2007). 
The growing interest in climate variability is motivated by the idea that human 
activities have been and are contributing to altering global temperatures (Stenseth et al. 
2002; Fiedler 2002). The ability to anticipate specific climatological responses to global 
warming is limited, and it is important to know how complex ecological systems, 
including those of the coastal zone, might respond to altered climate regimes. One 
effective approach to pursue this topic is through long-term observational projects that 
coincide with natural events of climate variability. This approach is particularly useful 
during climate extremes, such as those observed in the Eastern Tropical Pacific, which 
have been highly influenced by ENSO events during the past decades (Tchantsev et al. 
2000; Tudhope et al. 2001; Pineda et al. 2001; Fiedler 2002; Devis 2002). Tumaco Bay 
is particularly suitable to capture environmental variations caused by El Nino-La Nina 
events, since it is located in the equatorial zone of the eastern Pacific, the center of action 
for most ENSO-related sea surface temperature (SST) anomalies (Devis et al. 2002). The 
continuous study of phytoplankton dynamics in Tumaco Bay during these events can 
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provide important information on how this biological community has responded to 
climatic variability during ENSO time scales (e.g. 2-7 years) and potentially help predict 
future changes. Tumaco Bay is a critical fishery area, with one of the major fishing ports 
in the Colombian Pacific Coast. Therefore, alterations in the first trophic levels of this 
region due to climate variability could have serious economical and social implications 
regionally and nationally. 
The coastal ocean covers just 10% of the total area of the world ocean. However, 
one quarter of the oceanic primary production, half of the carbonate burial and most of 
the burial of organic carbon occur in these regions (Schlitzer et al. 2002). Interpretation 
of the temporal variability of biological processes and the identification of the main 
variables that drive the dynamic regime of coastal and estuarine ecosystems, such as 
Tumaco Bay, is complex. The aim of this study was to establish a baseline of 
phytoplankton community dynamics and composition in the study area. This baseline 
was used to determine ecological changes in response to variability in environmental and 
climatic conditions. 
Materials and Methods 
Data Acquisition and Laboratory Analyses 
This study used in situ data of physicochemical and biological parameters 
gathered in Tumaco Bay from 1993 to 2005. A fixed grid of 27 sampling stations was 
used to collect the data every fifteen days. At each station, measurements of 
hydrographic properties (salinity, temperature, Secchi depth, dissolved oxygen) and 
collection of water samples for nutrients, chlorophyll, and phytoplankton analysis were 
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made. Sea surface temperature was measured with a thermometer (10-50 °C), salinity 
and dissolved oxygen were obtained with a YSI conductometer, and water clarity was 
determined using a Secchi disk. Water samples for the analysis of nutrients (NO2, NO3, 
NH4, PO4 and Si03), chlorophyll, and phytoplankton were collected with Niskin bottles 
at 0, 5, 10, 15, and 20 m (depending on the depth of the station). Three sample replicates 
for every analysis were obtained at each station. The samples were stored in 500-ml 
Nalgene bottles, and then preserved with ice for further analysis at the laboratory. Station 
5 was chosen to study vertical profiles of temperature and salinity using a CTD (Model 
Sea-Bird SBE-19 Plus). This station is situated 10 miles off the coast, where the depth 
reaches more than 50 m (Fig 3.1). 
Chlorophyll concentrations were obtained by extraction of pigments with 90% 
acetone and were measured spectrophotometrically (Parsons et al. 1984). Nutrients were 
analyzed following the methodology described in Parsons et al. (1984). Phytoplankton 
samples were preserved with 10% formalin + 10 % Lugol's solution (percent of the final 
volume), and allowed to settle for 96 hours. The samples were then brought to a volume 
of 20 ml. Al ml aliquot was remove from each preserved sample, dispensed into a SR 
Cell Counter Chamber S50, and the algal cells were allowed to settle for a couple of 
hours (Alveal et al. 1995). Cell counts were based on the entire aliquot, with three 
replicates per sample. Phytoplankton abundance was standardized to the number of 
cells/ml of seawater. All diatoms and dinoflagellates collected from stations 1, 3, 5, 7, 8 
and 14 were identified to lowest possible taxonomic level using an inverted microscope 
with brightfield illumination at 320 x magnifications. Those cells that could not be 
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brought to the species level at the Tumaco's laboratory were sent to the phytoplankton 
laboratory at the IMARPE Institute in Lima, Peru for further analysis. 
Longitude W 
Figure 3.1. Grid of 27 sampling stations established in Tumaco Bay, Colombia. Time 
series and vertical profiles of biological and physicochemical parameters were obtained 
from Station 5. Maps of surface distribution of variables were obtained from the 27 
stations. And multivariate analysis was done from station 1, 3, 5, 7, 8, and 14. 
Data analysis 
The data were divided in three different periods denominated -Normal, Nino and 
Nina- based on the sea-surface temperature (SST) anomalies obtained since 1993 by the 
Center of Control of Contamination (CCCP) in Tumaco Bay, and by NOAA from the 
Tropical Atmosphere-Ocean (TAO) Array at El Nino 2 Region. The TAO Array is a grid 
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of 69 buoys moored across the equatorial Pacific Ocean (8°N to 8°S and 95°W to 143°E) 
recording environmental data relevant to ENSO processes. To determine if the three 
periods (Normal, Nino and Nina) were different statistically, a one-way ANOVA test was 
applied. Data obtained from station 5 were used to generate monthly climatology of 
biological and environmental variables for every one of the mentioned periods (Normal, 
Nino and Nina). Time series, anomaly curves and vertical profiles of interannual 
variability of physicochemical and biological parameters were also obtained from the 
data collected at this station. Station 5 was chosen because it had the longest 
uninterrupted set of data. This station was one of the deepest and was located 10 miles 
from the coastline so it was less influenced by river discharge and the effects of tides. 
Maps of spatial distribution of each one of the variables were created for the 
Normal, Nino and Nina regimes. This way the spatiotemporal variation and distribution 
of environmental and biological data could be examined. The construction of these maps 
was based on mean surface values obtained for every regime at each one of the 27 
sampling stations. The maps were made using SURFER Software with the Kriging 
interpolation technique. Kriging is a geostatistical method of interpolation, which 
predicts unknown values from data observed at known locations. The unknown values 
were estimated using weighted linear combinations of the available data. This method 
uses a variogram to express the spatial variation, minimizing the error of predicted values 
due to the spatial distribution of the predicted values (Oliver and Webster 1990). 
A multivariate gradient technique known as Canonical Correspondence Analysis 
(CCA) was used to directly relate community data to known variation of environmental 
conditions by constraining the species ordination to a pattern that best correlated with 
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designated environmental variables (Ter Braak and Smilauer 2002). The CCA leads to 
an ordination diagram in which points represent species and sites, and vectors represent 
environmental variables. This type of diagram displays the patterns of variation in 
community composition that can be explained best by the environmental variables. CCA 
can be used to identify indicator species and assemblages, and to evaluate the influence 
of natural and altered conditions on the structure of the community (Rakocinski et al. 
1997). 
The analysis was based on data collected at stations 1, 3, 5, 7, 8 and 14 because 
phytoplankton taxonomy was made only at these stations. Two major groups, diatoms 
and dinoflagellates, were chosen for being the most abundant within the community of 
the bay (Casanova et al. 2000; 2001; Garcia-Hansen and Malikov 2001; 2002), and 
twenty-one environmental variables were related to the diatom and dinoflagellate 
community structure. Nine of the environmental variables were ratio scale (temperature, 
salinity, dissolved oxygen, Secchi depth, precipitation, and concentration of phosphate, 
nitrite, nitrate and ammonium); the other twelve were organized in four sets of nominal 
variables. These sets represented the regime (Normal, Nino and Nina), the seasons (dry 
season and rainy season), the time of day (morning, noon, afternoon) and the tidal phase 
(high tide, low tide, rising, falling). The nutrients were log transformed (/n(N + 1)) to 
diminish the skewness of the data. The rest of the environmental variables were 
distributed normally, so no data transformation was necessary. All the environmental 
variables utilized in the CCA calculations were standardized to a mean 0 and a standard 
deviation of 1. 
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A total of 303 samples were entered into the CCA, leaving 60 samples out since 
the biological component was not collected during these campaigns. The entire 212 
species were utilized in the analysis because it was important to detect the presence or 
absence of any species related to the influence of climate variations. The abundances of 
algal cells were log transformed (ln(N + 1)) to meet normality and to diminish the effect 
of dominant species. Different program options were selected to adjust the CCA to the 
Tumaco Bay data set (Rakocinski et al. 1996). A forward selection procedure was 
applied to identify the environmental variables that best explained the variation in the 
species matrix. Monte Carlo tests, based on 499 permutations, were used to determine 
the statistical significance of the environmental variables (P< 0.05). The environmental 
variables were added to the model when their F ratios where higher than the simulated F 
values generated by the 499 Monte Carlo permutations. As a result of the forward 
selection procedure, the number of environmental variables was reduced to 14, however 
the other seven were selected as passive environmental variables and were also 
interpreted through their interset correlations. 
The ordination was focused on the configuration of species composition, where 
the species scores were expressed as weighted means of sample scores. No rescaling or 
detrending was applied to the resultant CCA axes. Interset correlation between the 
environmental variables and the axes were used to assess how important each 
environmental variable was to the CCA axis. Absolute values of interset correlation 
coefficients > |0.4| were considered as significant biologically. Correlation coefficients 
of + 0.4 by a contributing variable were usually utilized as a criterion of importance 
(Rakocinski etal. 1996). 
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Results 
Community Composition 
A total of 198*251 diatoms/ml were found for the samples collected in Tumaco 
Bay during 13 years of observations; this group was the most abundant and also the most 
diverse (Table 3.1). 134 species representing 57 different genera made up this group, 
where 67% of the species (90 spp.) were centric diatoms that belonged to the Class 
Coscinodiscophycea; 27% (36 spp.) were raphid pennate diatoms that belonged to the 
Class Bacillariophyceae; and 6% (8 spp.) were araphid pennate diatoms that belonged to 
the Class Fragilariophyceae (Appendixes B and C). Centric diatoms were the dominant 
group found in terms of abundance, species richness and frequency of occurrence (Table 
3.1). Some of the most important species of the diatom community were the centric 
diatoms: Skeletonema costatum, Chaetoceros curvisetus, Chaetoceros lorenzianus, 
Chaetoceros affinis, Guinardia striata, Chaetoceros didymus (Ehrenberg 1845), 
Bacteriastrum hyalinum, Hemiaulus sinensis, Chaetoceros diversus (Cleve 1873), 
Leptocylindrus danicus (Cleve 1889), Proboscia alata and Paralia sulcata (Ehrenberg), 
and the pennate diatoms: Thalassionema frauenfeldi (Grunow), Thalassionema 
nitzschioides and Pseudo-nitzschia subpacifica (Table 3.1). 
Even though dinoflagellates represented only 6% (10,177 cell/ml) of the entire 
community, they were still a very important component of the food web. These 
organisms are able to exploit the environment to their benefit, even under extreme 
conditions, in order to survive and proliferate (Faust and Gulledge 2000). 78 species that 
belonged to 25 genera represented this group (Table 3.1), where 85% were armored 
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Table 3.1 
Total abundance, mean abundance and frequency of occurrence of 134 diatoms and 78 
dinoflagellates found in six sampling stations in Tumaco Bay from 1993 to 2005, during 
the El Nino, La Nina and Normal Regimes. • , 
Diatoms organized by class Code 
Bacillariophyceae (raphid pennate diatoms) 
Pseudonitzschia subpacifica 
Pseudonitzschia delicatissima 
Pleurosigma angulatum 
Nitzschia angularis 
Meuniera membranacea 
Nitzschia brebissonii 
Bacillaria paxillifer 
Pseudonitzschia pungens 
Nitzschia longissima 
Nitzschia bicapitata 
Nitzschia obtusa 
Cylindrotheca closterium 
Pleurosigma nicobaricum 
Pseudonitzschia seriata 
Nitzschia recta 
Pleurosigma normanii 
Navicula directa 
Pleurosigma directum 
Navicula cancellata 
Navicula f. delicatula 
Navicula transitans var derasa 
Amphora arenicola 
Pseudonitzschia lineola 
Surirella fastuosa 
Diploneis bombus 
Nitzschia sigma 
Stauroneis glacilis 
Pseudoguinardia recta 
Achanthes longipes 
Amphora lineolata 
Diploneis didimus 
Haslea wawrikae 
Tropidoneis lepidoptera 
Cocconeis scutellum 
Nitzschia lanceolata 
Pse sub 
Pse del 
Pie ang 
Nit ang 
Meu mem 
Nit bre 
Bacpax 
Pse pun 
Nit Ion 
Nit bic 
Nit obt 
Cyl do 
Pie nic 
Pse ser 
Nit rec 
Pie nor 
Nov dir 
Pie dir 
Nov can 
Nov del 
Nov tra 
Amp are 
Pse lin 
Surfas 
Dip bom 
Nit sig 
St agio 
Pse rec 
Ach Ion 
Amp lin 
Dip did 
Has waw 
Tro lep 
Coc scu 
Nit Ian 
Total 
Abundance 
(cell/ml) 
4218 
1668 
1283 
1189 
1100 
911 
898 
757 
619 
576 
568 
499 
339 
329 
326 
316 
255 
235 
219 
204 
202 
190 
173 
85 
77 
69 
63 
54 
38 
28 
26 
17 
16 
10 
9 
Average 
Abundance 
(cells/ml) 
527.3 
208.4 
160.3 
148.6 
137.4 
113.9 
112.2 
94.6 
77.3 
72.0 
71.0 
62.3 
42.3 
41.1 
40.8 
39.4 
31.9 
29.3 
27.3 
25.5 
25.2 
23.7 
21.6 
10.6 
9.6 
8.6 
7.9 
6.8 
4.7 
3.5 
3.3 
2.1 
2.0 
1.3 
1.1 
SD 
685.1 
461.7 
230.1 
215.2 
121.2 
153.4 
215.2 
151.3 
96.6 
76.3 
197.2 
143.9 
35.4 
119.0 
85.1 
63.4 
62.7 
74.0 
82.6 
76.7 
69.7 
38.0 
56.3 
9.9 
12.3 
21.1 
23.8 
20.4 
8.5 
4.1 
4.8 
6.4 
4.3 
2.2 
1.7 
Frequency 
(%) 
2.13 
0.84 
0.65 
0.60 
0.55 
0.46 
0.45 
0.38 
0.31 
0.29 
0.29 
0.25 
0.17 
0.17 
0.16 
0.16 
0.13 
0.12 
0.11 
0.10 
0.10 
0.10 
0.09 
0.04 
0.04 
0.03 
0.03 
0.03 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
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Total Average 
Abundance Abundance Frequency 
Diatoms organized by class Code (cell/ml) (cells/ml) SI) (%) 
Cymbellaparva Cympar 4 0.5 1.5 0.00 
Coscinodiscophyceae (centric diatoms) 
Skeletonema costatum 
Chaetoceros curvisetus 
Chaetoceros lorenzianus 
Chaetoceros affinis 
Guinardia striata 
Chaetoceros didymus 
Bacteriastrum hyalinum 
Hemiaulus sinensis 
Chaetoceros diversus 
Leptocylindrus danicus 
Proboscia alata 
Par alia sulcata 
Thalassiosira anguste - lineata 
Chaetoceros peruvianas 
Dityllum brightwelli 
Coscinodiscus eccentricus 
Dactyliosolen fragilissima 
Chaetoceros radicans 
Odontella sinensis 
Biddulphia alternans 
Chaetoceros costatus 
Lithodesmium undulatum 
Chaetoceros compressus 
Chaetoceros cinctus 
Lauderia annulata 
Leptocylindrus mediterraneus 
Guinardia flaccida 
Hemiaulus hauckii 
Leptocylindrus minimus 
Coscinodiscus centralis 
Eucampia cornuta 
Coscinodiscus concinnus 
Coscinodiscus nitidus 
Rhizosolenia setigera 
Chaetoceros seriacanthus 
Bacteriastrum elegans 
Odontella regia 
She cos 
Cha cur 
Chae lor 
Cha aff 
Gui str 
Cha did 
Bac hya 
Hem sin 
Cha div 
Lep dan 
Pro ala 
Par sul 
Tha ang 
Cha per 
Ditbri 
Cos ecc 
Dacfra 
Cha rad 
Odosin 
Bid alt 
Cha cos 
Lit und 
Cha com 
Cha cin 
Lau ann 
Lep med 
Guifla 
Hem hau 
Lep min 
Cos cen 
Euc cor 
Cos con 
Cos nit 
Rhi set 
Cha ser 
Bac ele 
Odo reg 
26741 
11036 
10394 
9413 
8764 
7863 
6504 
5704 
4895 
4689 
4307 
4253 
3488 
3423 
2756 
2289 
2226 
2074 
1970 
1861 
1692 
1560 
1460 
1424 
1387 
1367 
1282 
1254 
1178 
1160 
1159 
1140 
1093 
1050 
1015 
1010 
859 
3342.6 
1379.4 
1299.2 
1176.6 
1095.5 
982.8 
813.0 
712.9 
611.8 
586.1 
538.3 
531.6 
436.0 
427.9 
344.5 
286.1 
278.3 
259.2 
246.2 
232.6 
211.4 
194.9 
182.5 
177.9 
173.4 
170.9 
160.3 
156.7 
147.3 
144.9 
144.8 
142.5 
136.6 
131.3 
126.9 
126.3 
107.4 
4321.8 
1959.3 
1654.0 
1437.4 
1499.9 
1322.3 
1082.0 
821.4 
1284.8 
634.0 
505.1 
1149.4 
550.4 
335.8 
427.9 
333.7 
789.6 
409.5 
341.4 
322.3 
332.0 
250.4 
432.3 
169.3 
229.9 
192.5 
273.5 
363.9 
443.5 
306.9 
155.1 
205.7 
160.8 
91.2 
383.6 
224.7 
162.8 
13.49 
5.57 
5.24 
4.75 
4.42 
3.97 
3.28 
2.88 
2.47 
2.36 
2.17 
2.15 
1.76 
1.73 
1.39 
1.15 
1.12 
1.05 
0.99 
0.94 
0.85 
0.79 
0.74 
0.72 
0.70 
0.69 
0.65 
0.63 
0.59 
0.58 
0.58 
0.58 
0.55 
0.53 
0.51 
0.51 
0.43 
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Diatoms organized by class 
Rhizosolenia castracanei 
Asteromphalus elegans 
Dactyliosolen antarctica 
Coscinodiscus marginatus 
Triceratium favus 
Actinoptychus senarius 
Asteromphalus brookei 
Biddulphia membranacea 
Helicotheca tamesis 
Odontella aurita 
Hemidiscus cuneiformis 
Coscinodiscus curvatulus 
Gossleriella tropica 
Coscinodiscus perforatus 
Code 
Rhi cas 
Ast ele 
Dae ant 
Cos mar 
Trifav 
Act sen 
Ast bro 
Bid mem 
Hel tarn 
Odo aur 
Hem cun 
Cos cur 
Gos tro 
Cos per 
Fragilariophyceae (araphid pennate diatoms) 
Thalassionema frauenfeldi 
Thalassionema nitzschioides 
Asterionellopsis glacialis 
Thalassiothrix heteromorpha 
Asteroplanus karianus 
Lioloma pacificum 
Thalassiothrix mediterranea 
Toxarium uhdulatum 
Dinoflagellates organized by 
order 
Dinophysiales (armored cells) 
Dinophysis caudata 
Dinophysis acuminata 
Dinophysis ovum 
Ornithocercus splendidius 
Ornithocercus steinii 
Gonyaulacales (armored cells) 
Ceratium furca 
Ceratium fusus 
Gonyaulax sphaeroidea 
Gonyaulax fragilis 
Thafra 
Tha nit 
Ast gla 
Thai het 
Ast kar 
Liopac 
Thai med 
Tox und 
Code 
Din can 
Din acu 
Din ovu 
Orn spl 
Orn ste 
Cerfur 
Cerfus 
Gon sph 
Gonfra 
Total 
Abundance 
(cell/ml) 
135 
126 
124 
no 
89 
86 
80 
70 
62 
58 
36 
29 
20 
6 
8800 
4666 
1989 
1399 
647 
501 
88 
20 
Total 
Abundance 
(cell/ml) 
126 
66 
62 
18 
12 
432 
383 
358 
304 
Average 
Abundance 
(cells/ml) 
16.9 
15.8 
15.5 
13.7 
11.1 
10.8 
10.0 
8.8 
7.8 
7.3 
4.5 
3.6 
2.5 
0.8 
1099.9 
583.3 
248.6 
174.8 
80.9 
62.6 
11.0 
2.5 
Average 
Abundance 
(cells/ml) 
15.8 
8.3 
7.8 
2.3 
1.5 
54.0 
47.8 
44.8 
38.0 
SD 
27.1 
32.7 
34.8 
35.8 
12.3 
18.4 
11.5 
22.1 
13.0 
13.7 
3.9 
6.0 
5.0 
1.5 
1641.6 
473.3 
325.1 
214.3 
111.1 
152.1 
29.0 
6.7 
SD 
27.4 
12.1 
11.6 
6.0 
4.5 
65.5 
59.5 
66.6 
83.1 
Frequency 
(%) 
0.07 
0.06 
0.06 
0.06 
0.04 
0.04 
0.04 
0.04 
0.03 
0.03 
0.02 
0.01 
0.01 
0.00 
4.44 
2.35 
1.00 
0.71 
0.33 
0.25 
0.04 
0.01 
Frequency 
(%) 
1.24 
0.65 
0.61 
0.18 
0.12 
4.24 
3.76 
3.52 
2.99 
Table 3.1 (continued). 
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Diatoms organized by class 
Lingulodinium polyedrum 
Alexandrium tropicale 
Ceratocorys horrida 
Pyrophacus steinii 
Ceratium tripos 
Gonyaulax polygramma 
Gonyaulax turbiney 
Goniodoma poliedricum 
Oxytoxum scolopax 
Gonyaulax pacifica 
Ceratium massilense 
Ceratium macroceros 
Ceratium kofoidii 
Ceratium pentagonum 
Gonyaulax spinifera 
Goniodoma sphaericum 
Ceratium candelabrum 
Ceratium externum 
Ceratium falcatifor me 
Ceratium trichoceros 
Corythodinium constrictum 
Oxytoxum turbo 
Oxytoxum longiceps 
Gonyaulax diegensis 
Gonyaulax sousae 
Gonyaulax milneri 
Oxytoxum ovum 
Oxytoxum minutum 
Ceratium vultur 
Gambierdiscus toxicus 
Oxytoxum mediterraneum 
Oxytoxum sceptrum 
Spiraulax joliffei 
Paleophalacroma verrucosum 
Gymnodiniales (unarmored cells) 
Gymnodinium sanguineum 
Gymnodinium catenatum 
Plectodinium nucleovelatum 
Code 
Linpol 
Aletro 
Cer hor 
Pyrste 
Cer trip 
Gonpolg 
Gon tur 
Gonpol 
Oxy sco 
Gonpac 
Cer mas 
Cer mac 
Cer kof 
Cer pen 
Gon spi 
Gon sph 
Cer can 
Cer ext 
Cerfal 
Cer tri 
Cor con 
Oxy tur 
Oxy Ion 
Gon die 
Gon sou 
Gon mil 
Oxy ovu 
Oxy min 
Cer vul 
Gam tox 
Oxymed 
Oxy see 
Spijol 
Palver 
Gym san 
Gym cat 
Pie nuc 
Total 
Abundance 
(cell/ml) 
275 
211 
186 
161 
134 
no 
98 
64 
63 
54 
50 
46 
37 
32 
32 
31 
30 
29 
26 
24 
20 
20 
18 
15 
13 
11 
10 
9 
8 
8 
6 
4 
4 
2 
304 
112 
7 
Average 
Abundance 
(cells/ml) 
34.4 
26.4 
23.3 
20.1 
16.8 
13.8 
12.3 
8.0 
7.9 
6.8 
6.5 
5.8 
4.6 
4.0 
4.8 
3.9 
3.8 
3.6 
3.3 
3.0 
2.5 
2.5 
" 2.3 
0.9 
1.6 
1.4 
1.3 
1.1 
1.3 
1.0 
0.8 
0.5 
0.5 
0.3 
38.0 
14.0 
0.9 
SD 
50.7 
41.0 
26.4 
35.3 
17.2 
22.9 
20.0 
18.3 
9.5 
9.1 
12.1 
9.1 
6.3 
4.1 
10.1 
8.2 
6.8 
5.4 
5.7 
4.7 
4.3 
4.3 
4.4 
2.2 
2.9 
2.9 
2.2 
3.0 
1.9 
2.0 
1.1 
1.0 
1.5 
0.8 
74.8 
16.0 
2.6 
Frequency 
(%) 
2.70 
2.07 
1.83 
1.58 
1.32 
1.08 
0.96 
0.63 
0.62 
0.53 
0.49 
0.45 
0.36 
0.31 
0.31 
0.30 
0.29 
0.28 
0.26 
0.24 
0.20 
0.20 
0.18 
0.15 
0.13 
0.11 
0.10 
0.09 
0.08 
0.08 
0.06 
0.04 
0.04 
0.02 
2.99 
1.10 
0.07 
Table 3.1 (continued). 
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Diatoms organized by class 
Peridiniales (armored cells) 
Protoperidinium steinii 
Diplopelta assymetrica 
Scrippsiella trochoidea 
Preperidinium meunieri 
Protoperidinium conicum 
Heterocapsa niei 
Protoperidinium elegans 
Protoperidinium abei 
Protoperidinium pentagonum 
Protoperidinium depressum 
Protoperidinium oceanicum 
Protoperidinium brochi 
Protoperidinium cerasus 
Blepharocysta splendor - maris 
Protoperidinium sphaericum 
Protoperidinium divergens 
Protoperidinium ovum 
Protoperidinium claudicans 
Protoperidinium subpyriforme 
Podolampas bipes 
Podolampas palmipes 
Protoperidinium brevipens 
Protoperidinium eccentricum 
Prorocentrales (unarmored cells) 
Prorocentrum micans 
Prorocentrum gracile 
Prorocentrum compressum 
Prorocentrum minimum 
Prorocentrum arcuatum 
Prorocentrum dentatum 
Pyrocystales (unarmored cells) 
Pyrocistis noctiluca 
Pyrocistis hamulus 
Pyrocistis lunula 
Code 
Prot ste 
Dip ass 
Scrtro 
Pre meu 
Prot con 
Het nie 
Prot ele 
Prot abe 
Prot pen 
Prot dep 
Prot pee 
Prot bro 
Prot cer 
Ble spl 
Prot sph 
Prot div 
Prot ovu 
Protcla 
Prot sub 
Pod bip 
Podpal 
Prot bre 
Protecc 
Pro mic 
Progra 
Pro com 
Pro min 
Pro arc 
Pro den 
Pyrnoc 
Pyr ham 
Pyr lun 
Total 
Abundance 
(cell/ml) 
507 
481 
441 
376 
325 
274 
198 
121 
100 
91 
89 
77 
70 
64 
53 
46 
33 
23 
20 
16 
14 
13 
8 
1202 
622 
390 
269 
111 
8 
50 
44 
18 
Average 
Abundance 
(cells/ml) 
63.3 
60.1 
55.1 
47.0 
40.6 
34.3 
24.8 
15.1 
12.5 
11.4 
11.1 
9.6 
8.8 
8.0 
6.6 
5.8 
4.1 
2.9 
2.5 
2.0 
1.8 
1.6 
1.0 
150.3 
77.8 
48.8 
33.6 
13.9 
1.5 
6.3 
5.5 
2.3 
SD 
51.6 
55.0 
70.5 
47.7 
64.5 
63.8 
44.4 
30.7 
15.4 
21.2 
22.1 
13.2 
26.5 
6.8 
10.6 
9.8 
8.6 
5.0 
4.9 
2.4 
3.5 
3.3 
2.0 
172.2 
115.3 
71.4 
44.8 
32.6 
3.1 
13.3 
12.9 
6.0 
Frequency 
(%) 
4.98 
4.73 
4.33 
3.69 
3.19 
2.69 
1.95 
1.19 
0.98 
0.89 
0.87 
0.76 
0.69 
0.63 
0.52 
0.45 
0.32 
0.23 
0.20 
0.16 
0.14 
0.12 
0.08 
11.81 
6.11 
3.83 
2.64 
1.09 
0.08 
0.49 
0.43 
0.18 
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dinoflagellates that belonged to the Orders Gonyaulacales (38 spp.), Peridiniales (23 spp.) 
and Dinophysiales (5spp.) and the other 15% were unarmored dinoflagellates of the 
Orders Prorocentrales (6 spp.), Gymnodiniales (3 spp.) and Pyrocystales (3 spp.) 
(Appendix B and D). Although the order Prorocentrales had only a few members, all part 
of the genus Prorocentrum, it had the most abundant and frequent species of the 
dinoflagellate community. Prorocentrum micans, with a total of 1,202 cells/ml and P. 
gracile with a total of 622 cells/ml were the top species, with the highest frequency of 
occurrence, 11.8% and 6.1%, respectively. This species were followed by the 
Peridiniales: Protoperidinium steinii, Diplopelta assymetrica, Scrippsiella trochoidea, 
Preperidinium meunieri (Pavillard) and Protoperidinium conicum (Gran), and the 
Gonyaulacales: Ceratium furca (Ehrenberg), Ceratiumfusus (Ehrenberg), Gonyaulax 
sphaeroidea and Gonyaulax fragilis (Table 3.1). 
El Nino Southern Oscillation Events 
The interannual variability of environmental conditions was influenced strongly 
by ENSO events. Anomaly curves of sea surface temperature (SST), obtained from data 
collected by NOAA from the Tropical Atmosphere-Ocean (TAO) Array at EL Nino 2 
Region (which is the closest sampling region to Tumaco Bay), and data collected at 
station 5 in Tumaco Bay allowed for the identification of El Nino and La Nina events in 
the study area from 1993 to 2005. According to McPhaden et al. (2001), positive 
anomalies (>0.5 °C) are related to warm phase or El Nino events and negative anomalies 
(<0.5 °C) are related to cool phase or La Nina events (Fig. 3.2). 
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Five El Nino events, with a periodicity of 15 to 46 months between events, and 
four La Nina events, with a periodicity of 3 to 54 months between events, have been 
observed in the area since 1993. The first El Nino was registered during March-July 
1993 and was the weakest and shortest one (4 moths). Just 15 months later, a second 
event was observed that lasted seven months from August 1994 to May 1995. The 
strongest El Nino episode started 23 months later, with a duration of 12 months, going 
from May 1997 to May 1998. The next event did not occur for 46 months; this one lasted 
11 months from May 2002 to March 2003. The last event was recorded 15 months later 
and went from July 2004 to February 2005 (Fig. 3.2). 
The first LaNifia episode occurred from December 1995 to August 1996 and was 
second in strength. This episode weakened and when it seemed that the area was coming 
back to normal conditions, just 3 months later, another episode occurred. This one was 
weaker and lasted for another three months going from November 1996 to January 1997. 
18 months later the longest and strongest La Nina event happened, right after the 
strongest El Nino event. It started in August 1998, weakened for over a month in June 
2000, and did not end until February 2001, lasting almost 30 months. Finally, it was not 
until October 2005 that the last La Nina episode recorded in this study was observed (Fig. 
3.2). 
Surface Distribution of Variables in Tumaco Bay 
Maps of surface distribution of biological and physicochemical parameters based 
on mean values of 27 sampling stations were generated for the Normal, Nino and Nina 
periods. The geomorphologic and hydrographic characteristics of the bay, and the 
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influence of four major rivers and other small tributaries in the area caused an important 
variation in the distribution of parameters throughout the bay. Inshore sampling stations 
were shallower, around 10 m depth average, and highly influenced by river discharges. 
In general, during the Normal regime, these stations had warmer and fresher waters, with 
low concentration of dissolved oxygen, shallower Secchi depth, high nutrient content, 
and high chl a. In contrast, offshore stations were deeper, around 50 m depth, and less 
influenced by the rivers presenting more oceanic characteristics. Waters were cooler, 
saltier, more oxygenated, with deeper Secchi depth, poor nutrient content and lower chl a 
(Fig. 3.3). A similar distribution pattern was observed during ENSO events however the 
intensity of the parameters differed highly. 
La Nina was characterized by the lowest temperature values throughout the whole 
area with mean values that went from 25.6 ±0.21°C (±SD) offshore to 27.8 ±0.18°C 
inshore. The influence of oceanic waters was seen far into the area making the waters of 
the bay saltier (32.5 ±0.61 offshore - 14.1 +0.33 inshore), well oxygenated (6.6 ±0.20 
uM/kg offshore - 2.9 ±0.15 uM/kg inshore), and with the highest nutrient contents (Fig. 
3.3). La Nina also had the greatest biomass, where mean values of chl a went from 3.5 
±0.11 mg/m3 offshore to 42.2 ±0.76 mg/m3 inshore (Fig. 3.3). In contrast, the El Nino 
regime was the warmest of all with temperatures that ranged from 27.9 ±0.2°C offshore 
to 30.2 ±0.3°C inshore. Fresher waters were observed throughout the entire area, 
especially at the interior of the bay (30.3 ±0.70 offshore - 9.1 ±0.72 inshore), due to the 
influence of river discharge, considering that the highest values of precipitation (308 
±114 mm) were observed during El Nino period. In addition, this period had the 
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Figure 3.3. Mean surface values of distribution of biological and environmental variables 
from data collected at 27 sampling stations in Tumaco Bay during Normal, El Nino and 
La Nina regimens observed from 1993 to 2005. 
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lowest oxygen waters (4.3 ±0.28 uM/kg offshore - 3.1 ±0.22 uM/kg inshore), with the 
shallowest Secchi depth values (10 ±1.75 offshore - 0 ±l . lm offshore), and the lowest 
concentration of nutrients and chl a (1.6 ±0.21 mg/m3 offshore to 1.0.6 ±0.35 mg/m3 
inshore) (Fig. 3.3). 
Diatoms and dinoflagellates exhibited a complete opposite behavior in relation to 
ENSO events, where abundance of diatoms increased drastically throughout the whole 
area during La Nina (1,714 ±304 cell/ml inshore to 573 ±72 cell/ml offshore), and 
decreased during El Nino (341 ±57 cell/ml inshore to 172 ±21 cell/ml offshore). 
Dinoflagellates thrived during El Nino events, with mean values of 139 ±18 cell/ml 
inshore to 40 ±13 cell/ml offshore, decreasing substantially during La Nina episodes (21 
±5 cell/ml inshore to 4 ±2 cell/ml offshore) (Fig. 3.3). 
Monthly Climatology of Biological and Environmental Variables 
Climatology of biological and environmental variables based on surface monthly 
values obtained at station 5 were generated for the Normal, Nino and Nina periods 
(Fig.3.4, Appendix G). One-way ANOVA test for 2 degrees of freedom and 0.05 
significance level demonstrated that variables like sea surface temperature (SST), 
precipitation, salinity, light attenuation, dissolved oxygen, phosphate, nitrite, nitrate, 
ammonium, silicate, abundance of diatoms and abundance of dinoflagellates were 
different significantly between the three mentioned periods (Appendix H). 
During Normal periods, Tumaco Bay was characterized by a rainy season (RS) 
that started on January, reaching its highest during the second trimester (April - May), 
and a dry season (DS) that typified the rest of the year (Fig. 3.4). A similar trend was 
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observed during El Nino-La Nina regimes. However, El Nino showed the highest values 
of precipitation between the three regimes, with a maximum mean value of 443 +209 mm 
(+SD) observed at the beginning of the RS in January. Values of precipitation for this 
regime also were higher during the DS, especially at the end of the year (Fig. 3.4). The 
highest values of SST also were observed during El Nino, with mean values that ranged 
from 27.9 ±0.21°C to 28.7 ±0.22°C; peaks of SST were observed at the beginning and at 
the end of the year (Fig. 3.4). The lowest SST occurred during La Nina when 
temperature dropped to a range of mean values between 26.5 ±0.27°C to 27.0 ±0.42°C. 
The minimum SST values were observed during January-March and on July (Fig. 3.4). 
Around February-April during any Normal year, an upwelling process was 
observed in the bay. The thermocline and halocline shoaled to the surface (0 to 20 m) 
and brought into the area saltier and colder waters with higher dissolved oxygen and 
nutrient concentrations. Later, during September-October, a smaller increase of these 
parameters was observed (Fig. 3.4) related to the influence of the Humboldt Current 
intrusion into the area. The effects of the March and September upwelling events were 
enhanced during La Nina periods, which resulted in the coldest (26.7 ±0.18°C), saltiest 
(31.7 ±0.93) and most oxygenated waters (4.6 ±0.15 uM/kg) with the highest 
concentrations of nutrients (P04 of 0.26 ±0.08 uM, N0 2 of 0.04 ±0.011 uM, N0 3 of 0.13 
±0.048 uM, NH4 of 0.9 ±0.33 uM, and Si0311.3 ±4.1 uM), chl a (13.8 ±14.6 mg/m3) 
and abundance of diatoms in the bay (603 ±323 cell/ml) (Fig. 3.4). This was contrary to 
what was observed during El Nino periods. During this periods the upwelling processes 
declined, leading to the warmest (28.3 ±0.30°C), freshest (30.1 ±0.70) and least 
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oxygenated (4.0 +0.28 uM/kg) waters with the lowest nutrient contents (PO4 of 0,05 
±0.02 uM, N0 2 of 0.014 ±0.003 uM, N0 3 of 0.027 ±0.015 uM, NH4 of 0.24 ±0.07 uM, 
and SiC>3 4.0 ±1.6 uM) and chl a (6.1 ±6.4 mg/m3). During El Nino episodes, diatom 
abundance dropped significantly to a mean value of 167 ±41.7 cell/ml. However, the 
dinoflagellate community thrived all year long (64 ±25.8 cell/ml average), specially at the 
beginning and the end of the year (Figs. 3.4). Dinoflagellate abundance during La Nina 
was very low with a mean value of 7 ±8.8 cell/ml. 
Time Series of Monthly Values, Time series Anomaly Curves and Vertical Profiles of 
Interannual Variability of Parameters 
Time series of monthly values and anomaly curves and vertical profiles were 
generated from all the data collected at station 5 from 1993 to 2005. As mentioned 
above, the strongest El Nino episode was observed from May 1997 to May 1998, with the 
highest SST positive anomaly values (+2.6°C) during the 12 years of observations (Fig. 
3.6). During this event, the thermocline and halocline reached their deepest position at 
more than 80 m depth (Fig. 3.8). The highest temperature values were observed in 
December 1997 along with the strongest precipitation of 902.3 mm registered on January 
1998 (Fig. 3.5). This event came along with poorly oxygenated waters, shallow Secchi 
depths, and very low nutrient content at the surface and in the water column (Fig. 3.5, 
3.6, 3.7, 3.9), as well as low chl a biomass. The abundance of diatoms decreased 
significantly, reaching its lowest numbers on May 1997 with values of 52 cell/ml (diatom 
abundances normally were in the range of couple of 100' s cell/ml). However, the 
dinoflagellate community had the highest peak of abundance at the surface and in the 
93 
water column during this Nino event, with values that reached 198 cells/ml on January 
1998, coinciding with the highest precipitation and increased in nutrients. 
Dinoflagellates abundance was just great than 50 cell/ml on average during normal 
periods (Fig. 3.5,3.6, 3.7, 3.9). Similar but less intense behavior was observed during the 
other four Nino events (Fig. 3.5 to 3.9). 
The strongest La Nina event lasted for almost two and a half years, beginning in 
August 1998 just two months after the strongest El Nino event (Fig. 3.5). During this 
event the thermocline and halocline shoaled to the surface, reaching between 20 and 30 m 
depth (Fig. 3.8). The lowest SST anomaly values of -1.3°C were recorded in May 1999 
(Fig. 3.6). These masses of cold, salty and well oxygenated waters were characterized by 
high concentrations of nutrients and a long period of high chl a in the bay (Fig. 3.5, 3.6, 
3.7, 3.9). The abundance of diatoms increased greatly when numerous blooms caused by 
different species occurred, reaching the highest numbers with 2,113 cell/ml in March 
2000. In contrast, the dinoflagellate community was almost absent during the whole 
event, with a very small increase of cells at the beginning and the en end of this episode. 
Dinoflagellates abundance did not surpass 48 cell/ml (Fig. 3.5, 3.6, 3.7, 3.9). The other 
La Nina events showed similar characteristics, but they were shorter and less intense 
(Fig. 3.5 to 3.9). 
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Canonical Correspondence Analysis 
The CCA method is based on the unimodal model of species response along 
environmental gradients. So to prove if the data showed unimodal responses or not, an 
indirect analysis called detrended correspondence analysis (DCA) was applied. This is a 
detrending technique utilized to remove the arch effect (Ter Braak and Smilauer 2002). 
The DCA does this by dividing the first axis into segments, and then by centering the 
second axis on zero. If the length of the resulting segments after running the test are > 4 
standard deviations (SD), then the data has unimodal response (Ter Braak and Smilauer 
2002). In this case, the four resulting canonical axes were very close to 4SD (Axes 1 = 
3.806, Axes 2 = 3.920, Axes 3 = 3.753 and Axes 4 = 3.571) showing that the data had a 
unimodal response. After running this test, a CCA was applied for 21 environmental 
variables and 212 species occurred in 303 collections. 
Through Monte Carlo test of F-ratios, a subset of 14 environmental variables was 
chosen for having significant influence (i.e. P < 0.05) in the diatom - dinoflagellate 
community structure. The other seven were considered as passive environmental 
variables and were evaluated through their interset correlations (Table 3.2). However the 
passive variables did not contribute to the calculation of the sample scores. Any active or 
passive environmental variable was considered as a important biologically if absolute 
values of interset correlation coefficient were > |0.4|. The majority of active variables 
and none of the passive variables followed this condition (Table 3.2). 
Table 3.2 
Inter set correlation of environmental variables with canonical correspondence analysis 
(CCA) axes. Active variables are the ones proving to be significant in the Monte Carlo 
permutation test ofF-ratios (P<0.05). Bold values correspond to the variables that were 
biologically important (r >_\0.4\) for that CCA axis. 
Active variables 
Precipitation 
Temperature 
Salinity 
Secchi Depth 
02 
Phosphate 
Nitrite 
Nitrate 
Ammonium 
Normal 
Nino 
Nina 
Dry Season 
Rainy Season 
Passive variables 
High Tide 
Low Tide 
Rising 
Falling 
Afternoon 
Morning 
Noon 
CCA axis 1 
0.4778 
0.6162 
-0.3095 
-0.0024 
-0.3156 
-0.4971 
-0.4307 
-0.4239 
-0.5128 
0.0472 
0.7121 
-0.6798 
-0.1103 
0.1103 
-0.0050 
0.0550 
-0.1120 
0.0837 
-0.0516 
-0.0149 
0.0704 
CCA axis 2 
-0.2850 
-0.2256 
0.0792 
0.5932 
0.3292 
-0.2469 
-0.1098 
-0.1305 
-0.0979 
0.2219 
0.0162 
-0.1799 
0.0759 
-0.0759 
0.0285 
-0.0446 
0.0407 
-0.0293 
-0.3711 
0.3475 
0.1076 
CCA axis 3 
0.3257 
0.1362 
0.2052 
0.2063 
-0.0399 
-0.0175 
0.0277 
-0.1313 
-0.0177 
-0.0751 
0.0824 
-0.0187 
-0.4587 
0.4587 
0.0121 
-0.0637 
0.1106 
-0.0803 
-0.3379 
0.2291 
0.0855 
CCA axis 4 
-0.2391 
0.1066 
0.2750 
-0.0662 
0.0572 
-0.0652 
-0.0270 
0.0475 
-0.0114 
0.1904 
0.0366 
-0.1749 
-0.1690 
0.1690 
0.0124 
-0.1442 
0.1301 
-0.0402 
0.2694 
-0.2682 
0.0302 
Eigenvalues were generated for every CCA axes, where CCA 1 and CCA 2 
showed the highest values with 0.150 and 0.072, respectively (Table 3.3). The total 
inertia was 3.995, whereas the sum of all CCA eigenvalues was 0.399, which represented 
only the 9.98% of the total inertia. For ecological data, when the percentage explained 
inertia is low (<10%), it is an indication of data with a strong presence/absence aspect 
(Ter Braak and Smilauer 2002). Species-environmental correlations were high for all 
CCA axes going from 0.802 for CCA 1 to 0.599 for CCA 4. The cumulative percentage 
of species variance totaled 7.6% for the first four axes and the cumulative percentage of 
species-environmental relation totaled 76.1% for these axes (Table 3.3). Ordination 
diagrams were generated from CCA axes 1 and 3, since these two axes explained 88% of 
the variance of the species data, and 66.9% of the variance of species-environmental 
relation. Also the majority of the biologically important environmental variables were 
expressed in these two axes (Table 3.2). 
Table 3.3 
Summary of the canonical correspondence analysis (CCA) for the biological (212 
species) and environmental data derived from 303 collections in Tumaco Bay. All four 
eigenvalues reported in this table are canonical and correspond to axes that are 
constrained by the environmental variables. 
CCA axes 
_1 2 3 4 Total inertia 
Eigenvalues 0.146 0.067 0.054 0.037 3.995 
Species-environment correlations 0.802 0.763 0.720 0.599 
Cumulative percentage variance 
of species data 3.6 5.3 6.7 7.6 
of species-environment relation 36.5 53.4 66.9 76.1 
Sum of all unconstrained eigenvalues 3.995 
Sum of all canonical eigenvalues 0.399 
Ordination diagrams of species and sample scores demonstrated that the 
spatiotemporal distribution of species and collection was strongly influenced by 
variations in environmental conditions. Variables like precipitation, temperature, light 
attenuation, phosphate, nitrite, nitrate, ammonium and the nominal variables grouped by 
climate regime (Nino and Nina) and seasonality (dry season and rainy season) were 
important correlates with diatom-dinoflagellate community structure in the CCA (Table 
3.2). The ordination diagram of these biologically important environmental variables 
was represented by vectors and symbols, where the direction and length of the vector 
signified the increase of values of environmental variables and the angles between arrows 
denoted correlations between individual environmental variables. Symbols represented 
nominal environmental variables, where the distance between the symbols approximated 
the average dissimilarity of species composition between the sample classes or groups 
being compared (Fig. 3.10b). 
A CCA plot of species scores classified by diatoms and dinoflagellates showed 
that a great number of species that belong to these two communities had an opposite 
behavior when analyzing their dispersion pattern, where the majority of the diatom 
community was scattered in the middle - left-hand side of the 2-dimensional CCA plot 
and the majority of the dinoflagellate community was scattered in the middle right-hand 
side (specially in the upper right-hand side) of the CCA space (Fig. 3.10a). Diatoms, in 
general, responded to cooler, saltier and more oxygenated waters with high nutrient 
content, while dinoflagellates were related to warmer, fresher, less oxygenated waters 
with high to moderate concentrations of nutrients (Fig. 3.1 Ob). 
Due to the large number of species (212), ordination diagrams of species scores 
classified by taxonomic Class in case of diatoms (Bacillariophyceae, Coscinodiscophycea 
and Fragilariophyceae) and taxonomic Order in case of dinoflagellates (Dinophysiales, 
Gonyaulacales, Gymnodiniales, Peridiniales, Prorocentrales, and Pyrocystales) were 
generated. This allowed for a more detailed picture of how the distribution of species 
scores for species that belong to these two groups showed significant patterns of temporal 
and/or spatial distribution around the CCA space (Fig. 3.11 and 3.12). 
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Spatiotemporal variability in species distribution and composition. The 
structural composition and distribution of the dinoflagellate and diatom community 
responded strongly to temporal variability in environmental conditions. Environmental 
variables like temperature and the climate regimes Nino and Nina showed the highest 
correlations (0.6162,0.7121, -0.6798, respectively) with CCA 1. Variables like 
precipitation, dry season (DS) and rainy season (RS) also had good correlations (0.4778, -
0.4587, and 0.4587, respectively) with axes CCA 1 and CCA 3 (Table 3.2). These 
correlations with CCA 1 and CCA 3 demonstrated that species with high values on these 
axes responded to climate changes due to ENSO and seasonal variability. 
Ordination diagrams of species and sample scores classified by regimes showed 
how the distribution of species and samples strongly responded to long-term climate 
variation. The distribution of constrained sample scores (Fig. 3.13b) grouped in the 
center of the CCA space corresponded to samples collected during the Normal regime. 
The ones scattered in the left-hand side of the CCA plot represented collections made 
during the La Nina regime. And the ones scattered in the right-hand side of the CCA 
space were samples related with El Nino. The distribution of species scores (Fig. 3.13a) 
showed the same pattern, where species that increased their abundance or only appeared 
during La Nina were displayed in the left-hand side of the 2-dimensional CCA space, and 
the ones that increased their abundance or only appeared during El Nino were scattered in 
the middle/upper right-hand side of the CCA plot. 
Species associated with collections made during La Nina corresponded to values 
of precipitation between 100 and 300 mm, the lowest values of temperature (ranging 
from 26.6 to 27.6°C) and the highest values of salinity (from 29.8 to 31.0), dissolved 
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oxygen (4.4-4.6 uM/kg) and concentration of nutrients like phosphate (0.1 - 0.31 uM), 
nitrite (0.04 - 0.06 uM), nitrate (0.08 - 0.20 uM) and ammonium (0.56 -1.00 uM). In 
contrast, species related with samples collected during El Nino were associated with the 
highest values of temperature (from 27.8 to 29.0°C) and precipitation (ranging from 270 
to 600 mm), the lowest values of salinity (29.0 - 30.0) and high to moderate nutrient 
concentrations (phosphate 0.05 - 0.18 uM, nitrite 0.01 - 0.04 uM, nitrate 0.03 - 0.12 uM, 
and ammonium 0.20 - 0.70 uM) (Fig. 3.14 and 3.15). 
Abundance and number of species increased during La Nina, where 51% of the 
species increased their numbers and nine new species were found (6 diatoms and 3 
dinoflagellates). The majority of the species that showed higher abundances were 
diatoms (98 species) and only a few were dinoflagellates (2 species) (Appendix I). The 
diatoms, Leptocylindrus minimus (Gran 1915), Chaetoceros seriacanthus (Gran 1897), 
Chaetoceros decipiens (Cleve 1873), Pseudoguinardia recta (von Stosch 1986), 
Toxarium undulatum (J.W. Bailey 1854) and Coscinodiscus perforates (Ehrenberg 1844), 
and the dinoflagellates, Oxytoxum minutum (Rampi 1941), Gonyaulax diegensis (Kofoid 
1911) and Protoperidinium cerasus (Paulsen) were species that appeared only during La 
Nina episodes (Fig. 3.16). Around 10% of the species that increased their abundance 
during this regime were responsible for the formations of blooms. All of them were 
diatoms. Some of the most important were Skeletonema costatum, Chaetoceros 
curvisetus, Chaetoceros lorenzianus, Thalassionemafrauenfeldi, Guinardia striata, 
Chaetoceros didymus, Bacteriastrum hyalinum, Chaetoceros diversus, Hemiaulus 
sinensis, Paralia sulcata, Leptocylindrus danicus, Thalassionema nitzschioides and 
Pseudo-nitzschia subpacifica between others. Five species of dinoflagellates 
a) Precipitation b) Temperature c) Salinity 
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Figure 3.14. Attribute symbol plots of samples classify by a) precipitation, b) 
temperature, c) salinity, d) Secchi depth, e) dissolved oxygen, f) log of phosphate, g) log 
of nitrite, h) log of nitrate, and i) log of ammonium for CCA axes 1 and 3. Size of 
symbols are scaled proportionally to magnitudes of the designated environmental 
variables (precipitation range = 2 to 902 mm, temperature range = 25.3 to 30.2°C, salinity 
range = 25.0 to 33.7, Secchi range = 0.5 tol8 m, log of phosphate = -2.46 to -0.07uM, log 
of nitrite range = -2.52 to -0.39uM, log of nitrate = -2.Q0 to 0.27uM, and log of 
ammonium = -1.40 to 0.61 uM). 
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(Gymnodinium sanguineum (K. Hirasaka 1922), Ornithocercus steinii (Schtitt 1900), 
Ornithocercus splendidius (Schtitt 1893), Podolampas palmipes (Stein 1883) and 
Paleophalacroma verrucosa) that were seen during Normal and Nino conditions 
completely disappeared during this regime (Appendix I). 
Only 23% of the species increased their abundance during El Nino. However, 
compared with La Nina, the appearance of new species was a little bit higher, with 11 
new species (9 dinoflagellates and 2 diatoms) (Fig. 3.16). In this case the majority of 
species that increased their abundance were dinoflagellates with 45 species and only a 
few were diatoms (4 species) (Appendix I). In spite of this, and the conspicuous decrease 
in the diatom community composition and abundance during this regime, this group 
remained the most important in the bay. The species that only appeared during El Nino 
were the dinoflagellates Ceratium candelabrum (Ehrenberg 1860), Ceratium massilense 
(Gourret), Ceratium vultur (Cleve 1900), Gambierdiscus toxicus (Adachi and Fukuyo 
1979), Gonyaulax spinifera (Claparede and Lachmann), Plectodinium nucleovelatum 
(Biecheler 1934), Prorocentrum dentatum (Stein 1883), Pyrocistis lunula (Schtitt 1896) 
and Spiraulax joliffei (Murray and Whitting), and the diatoms Cocconeis scutellum 
(Ehrenberg 1838) and Cymbella parva (W. Smith) (Fig. 3.16). 18 species of diatoms and 
3 species of dinoflagellates that occurred during Normal and La Nina conditions were 
absent during this regime (Appendix I). 
There was a group of species (26%) in which the abundance values did not 
change much between regimes. These cells, scattered up and down the center of the 
CCA space (Fig. 3.13), appeared to be tolerant of changes in environmental variables. 
However, in the case of the majority of the diatoms and some of the dinoflagellates any 
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increase in numbers happened during La Nina times, whereas for the majority of the 
dinoflagellates any increase in abundance happened during El Nino events. 
The distribution of species and samples scores in the CCA plot demonstrated that 
even though the abundance and composition of the phytoplankton community was 
strongly influenced by long-term climate variations, it still responded to seasonal 
variability. An ordination diagram of sample scores showed that collections that 
happened during the RS were mostly scattered in the upper part of the CCA space, while 
collections made during the DS were mostly spread in the lower part (Fig. 3.17b). A 
similar pattern was observed for species, where species scores of cells collected during 
the RS were displayed in the middle-upper part of the CCA space and the organisms 
collected during the DS were placed in the middle-lower part of the CCA plot (Fig. 
3.17a). That is why the species that only appeared during La Nina were scattered not just 
in the left-hand side of the CCA plot but also in two groups. The six species that were 
grouped in the upper-left part of the ordination plot (Fig. 3.16) occurred during the RS 
associated with values of precipitation ranging between 200 and 300 mm (Fig. 3.15). 
The three species scattered in the lower-left part (Fig. 3.16) occurred during the DS and 
were related with the lowest values of rain, around 100 mm (Fig. 3.15). Two of the last 
three species appeared only during the DS; these two species were the diatoms Toxarium 
undulatum and Coscinodiscus perforatus (Fig. 3.17). These diatoms also were part of a 
group of cells that only occurred at station 1 (Fig. 3.1). The two mentioned species plus 
the diatoms Amphora lineolata (Ehrenberg 1838), Coscinodiscus curvatulus (Grunow 
1878), Diploneis didyma (F. W. Mills), Gossleriella tropica (Schutt 1893), Nitzschia 
longissima (Breb) and the dinoflagellate Oxytoxum longiceps (Schiller) were part of this 
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group. All these species were solitary large cells (>50 urn) (Appendix B), and were also 
linked to the highest concentrations of nutrients and the lowest transparency values since 
this station is highly influence by river discharges (Fig. 3.14 and 3.15). 
The 12 species that only appeared during El Nino were scattered in the mid/upper 
right-hand side of the CCA space (Fig. 3.16) and appeared to respond to the RS 
conditions. Ten of them increased their abundance when rain values were between 300 
and 400 mm, and the remaining species (two dinoflagellates Gambierdiscus toxicus and 
Spiraulaxjoliffei) were exclusively seen during the RS (Fig. 3.17), coinciding with the 
highest values of precipitation between 450 and 550 mm (Fig. 3.15). Other five species 
of dinoflagellates {Gonyaulax milneri, Protoperidinium subpyriforme (P. Dangeard), 
Protoperidinium eccentricum (Paulsen), Oxytoxum longiceps and Goniodoma 
sphaericum) were also found exclusively during the RS (Fig. 3.17). However, in this 
case the five mentioned species occurred during the Normal and La Nina conditions and 
were associated with an increase in the dinoflagellate abundance observed during May of 
every year, coinciding with the highest values of annual mean temperature and 
precipitation (Fig. 3.4). 
Some of the most important (most abundant and frequent) species in the bay were 
the diatoms Skeletonema costatum, Chaetoceros lorenzianus, Thalassionema 
nitzschioides, Chaetoceros curvisetus, Hemiaulus sinensis, Chaetoceros peruvianus, 
Chaetoceros affinis, Guinardia striata, Bacteriastrum hyalinum, Chaetoceros didymus, 
Proboscia alata, Chaetoceros costatus, Thalassionema frauenfeldi, Chaetoceros radicans 
and Thalassiosira anguste-lineata (Schmidt), and the dinoflagellates Prorocentrum 
micans and Prorocentrum gracile (Table 3.1). These species of diatoms were responsible 
for the formations of blooms during La Nina period and were all grouped at the center of 
i • 
the 2-dimensional CCA plot (Fig. 3.13). These algal cells were all associated with the 
March-April upwelling that occurred during the RS and the influence of the Humboldt 
Current in the bay during the DS around August-October that introduced colder, saltier 
and more oxygenated waters rich in nutrient contents into the bay (Fig. 3.4). 
An interesting aspect to be mentioned was that some of the genera with their 
entire set of species showed strong temporal variability. That was the case for centric 
diatoms like Bacteriastrum (5 spp.), Chaetoceros (18 spp.), Cyclotella (2 spp.); the 
pennate diatoms Navicula (4 spp.), Pleurosigma (4 spp.) and Pseudo-nitzschia (5 spp.), 
and the dinoflagellates Oxytoxum (6 spp.) and Goniodoma (2 spp.). All these species 
were grouped at the center and left-hand side of the 2-dimensional CCA plots (Fig. 3.11 
and 3.12) showing a strong preference for the environmental conditions associated with 
the combined effect of La Nina and the RS/cold phase. Some other species, such as the 
pennate diatoms, Diploneis (2 spp.), and central diatoms, Hemiaulus (3 spp.), that were 
scattered at the center/lower part of the CCA space (Fig. 3.11) were associated with the 
combined effect of La Nina and the DS. Other algal cells like the dinoflagellates 
Gonyaulax with 8 of the 9 species and Prorocentrum with 6 species were gathered at the 
upper right-hand side of the CCA plot (Fig. 3.12) associated with the joint influence of El 
Nino and the RS. 
Some other species responded more to the season regardless of the regime (e.g. 
the centric diatoms Asteromphalus (2 spp.) and Dactyliosolen (2 spp.); and the 
dinoflagellates Dinophysis (3 spp.)). They were scattered in the upper part of the CCA 
space (Fig. 3.11 and 3.12) and were associated with the RS. Others species responded 
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more to the regime in spite of the season (e.g. the centric diatoms Coscinodiscus (9 spp.), 
Leptocylindrus (3 spp.), Odontella (5 spp.), Rhizosolenia (6 of 7 spp.) and Thalassiosira 
(4 spp.) and the pennate diatoms Nitzschia (8 spp.), and Thalassionema (2 spp.). These 
taxa were displayed in the left-hand side of the ordination plot (Fig. 3.11) and were 
associated with La Nina. Finally, dinoflagellates of the genus Ceratium (12 spp.) and 
Gymnodinium (2 spp.) were grouped in the right-hand side of the plot (Fig. 3.12) 
associated with El Nino events. 
Species responsible for HAB formations. There were 32 species (18 diatoms and 
14 dinoflagellates) identified as harmful and possible harmful algal blooms forming 
species (HAB or red tides) in Tumaco Bay (Appendix B). The majority of these species 
were scattered in the middle/upper part of the CCA space, except Coscinodiscus 
perforatus that was displayed in the lower part of the ordination plot (Fig. 3.18a). All of 
them responded to temporal variability in climate caused by the influence of ENSO and 
the seasons. Eleven of these organisms (Fig. 3.18b) are known to produce different types 
of toxins and were identified as the diatoms Pseudo-nitzschia delicatissima, P. lineola, P. 
pungens and P. subpacifica. These organisms produce ASP or amnesic shellfish 
poisoning toxins (e.g. domoic acid), which is a potent neurotoxin known to cause 
stomach upset, disorientation, and in severe cases, permanent lost of short-term memory 
or death. They increased in numbers during La Nina episodes. The dinoflagellates, 
Dinophysis acuminata, D. caudate (Saville-Kent 1881), Prorocentrum minimum, produce 
DSP or diarrheic shellfish poisoning toxins (e.g. okadaic acid). Although non-fatal it 
causes severe gastrointestinal upset and have one of the greatest impacts on human health 
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and the aquaculture industry (Kudela et al. 2005). Alexandrium tropicale, Gymnodinium 
catenation, Lingulodinium polyedrum produce PSP or paralytic shellfish poisoning toxins 
(e.g. saxitoxins), which is a toxin responsible for attacking the nervous system and 
produce death by respiratory paralysis, and Gambierdiscus toxicus is associated with 
ciguatotoxin, which can cause gastrointestinal, neuromuscular symptoms and respiratory 
problems where death is uncommon, but is known (Hallegraeff et al. 2003). All these 
dinoflagellates increased their abundance during El Nino events. 
The remaining 21 species (Fig. 3.18c) are recognized for causing oxygen 
depletion in the water column when they bloom. The diatom species (Cerataulina 
pelagica, Chaetoceros aequatorialis (Cleve 1873), C. atlanticus (Cleve 1873), C. 
curvisetus, C. dichaeta (Ehrenberg 1844), C. eibenii (Grunow), C. peruvianus, C. socialis 
(Lauder 1864), Coseinodiscus centralis, C. perforatus, Cylindrotheca closterium 
(Ehrenb), Leptocylindrus minimus, Skeletonema costatum and Thalassiosira subtilis 
(Ostenfeld)) increased their abundance during La Nina regime. The dinoflagellates 
Ceratiumfurca, C.fusus, C. tripos (O. F. Mtiller), Gonyaulaxpolygramma (Stein 1883), 
G. spinifera, Gymnodinium sanguineum and Prorocentrum micans, exhibited increased 
numbers during El Nino episodes. 
Although all the toxic species can be potentially harmful, not all were responsible 
for the formation of HABs in the bay. The only toxic species that caused HABs were the 
diatoms Pseudo-nitzschia subpaciflca and Pseudo-nitzschia delicatissima. Their 
abundance reached a total of 366 cells/ml on September-October 1999 and 576 cells/ml 
on April 2000, respectively, associated with the influence of the Humboldt Current and 
the March-April upwelling during the strongest La Nina. The majority of the species, all 
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diatoms, known as producing oxygen depletion in the water column, were the principal 
cause of HAB formations in the bay when they bloomed during each one of La Nina 
episodes, especially during the strongest 1999-2001 La Nina as well. The most important 
of these diatoms were Skeletonema costatum, which reached extremely high numbers 
with an average of 3,788 +3,322 cell/ml, Chaetoceros curvisetus with a mean value of 
1,513 ±1,959 cells/ml, Chaetocerosperuvianus with 903 ±336 cell/ml average, 
Leptocylindrus minimus with 700 ±443 cells/ml average, and Coscinodiscus centralis 
with a mean value of 690 ±307 cells/ml. The only dinoflagellate responsible for the 
formation of red tides was Prorocentrum micans when its total abundance increased to 
407 ±172cells/ml in February-March 1998 during the strongest El Nino (1997-1998). 
CHAPTER IV 
USE OF IN SITU AND SATELLITE REMOTE-SENSING DATA TO DETECT 
VARIATIONS IN CHL A IN TUMACO BAY AND SURROUNDING WATERS 
Introduction 
This study used in situ data of chlorophyll collected durig six oceanographic 
cruises in the Colombian Pacific Ocean, and ocean color satellite imagery of chl a 
obtained from the Sea-viewing Wide Field of view Sensor (SeaWiFS) from launch in 
1997 to 2006. Ocean-color data collected over the last few decades have provided key 
insights into the spatial distribution of phytoplankton biomass and the processes 
controlling primary production in the ocean. SeaWiFS and other ocean-color satellite 
sensors can help determine the spatial and temporal variability of physicochemical and 
biological variables on a wide variety of scales. This provides data sets that allow the 
assessment of seasonal and spatial phytoplankton variability. Ocean color sensors can 
detect long-term changes in parameters, like chl a concentration, in response to climate -
change and can offer unprecedented temporal and spatial quantification of this variability 
(Thomas and Strub 2001, Dandonneau et al. 2002). Using ocean color imagery, Yoder et 
al. (2001) and Behrenfeld et al. (2001) found that the upper ocean in the equatorial 
Pacific responded dramatically to phases of the El Nino Southern Oscillation (ENSO) 
cycle. Others, such as Rodriguez-Rubio and Stuardo (2002) established that the 
variability of the ocean surface chlorophyll and sea surface temperature (SST) in the 
Colombian Pacific was a seasonal event related to the migration of the intertropical 
convergence zone (ITCZ) and the generation of a wind jet at the Isthmus of Panama. 
These observations indicate that satellite ocean color measurements might be useful for 
determining the effects of climate and regime shifts on phytoplankton biomass and ocean 
productivity. Satellite derived data can also provide an early warning of changes in 
ocean ecosystems and biogeochemical cycles in response to anthropogenic and natural 
perturbations (Yoder et al. 2001; Yoder and Kennelly 2003). 
In this study, the use of in situ and satellite remote sensing data obtained from 
SeaWiFS to detect variations in the distribution of chl a due to the influence of seasonal 
and interannual forces such as the ITCZ and ENSO was examined. Remote sensing was 
also used to extend the boundaries of the study area, which allowed the description of 
major patterns of seasonal and interannual variability of phytoplankton pigment 
concentrations in Tumaco Bay and its surrounding waters. 
Study area 
The Pacific Colombian Ocean (PCO) region is part of the Panama Bight, a marine 
ecoregion on the eastern tropical Pacific Ocean. The Panama Bight extends eastwards 
from the Azuero Peninsula of Panama (around 9°N) along the coast of the Gulf of 
Panama and continues south along the entire Pacific coast of Colombia to the coast of 
northern Ecuador (around 2°S) and expands west to longitude of 80-82.5°W (Fig. 4.1). 
The Panama Bight is characterized by distinct seasonal and interannual variations 
in atmospheric and oceanic conditions that are in turn related to oscillations of the ITCZ 
and the strong influence of ENSO (Smayda 1966; Rodriguez-Rubio and Stuardo 2002). 
The climatologically and physical oceanographic properties that take place within the 
Panama Bight are influenced by the north-south seasonal movement of the northeast trade 
winds of the Atlantic Ocean, the equatorial calm belt (i.e., the doldrums), the southeast 
trade winds of the Pacific Ocean, and the convergence of these trade wind systems within 
the doldrums (i.e., ITCZ) (Smayda 1966). According to Rodriguez-Rubio et al. (2003), 
the circulation within the Bight is anticyclonic in summer, with a coastal current to the 
south. In winter, the circulation reverses and is cyclonic with a coastal current to the 
north, and an oceanic up welling center in the middle of the Bight. A seasonally changing 
wind field generated by the meridional migration of the ITCZ, from 8-10°N in summer, 
to about 2°N in winter, determines the circulation of the basin. In summer, southeasterly 
trade winds dominate the region. However in winter, northeasterly trade winds are the 
dominant, entering the region via the Isthmus of Panama. 
There are two main currents that dominate the area (Tchantsev and Cabrera 1998; 
Pineda et al. 2001; Devis 2003). The Northern portion of the Bight is influenced by the 
Equatorial Countercurrent that brings surface waters from the West and Central Pacific. 
Its speed, location and amplitude vary according to the season, shifting in position 
between 4°N and 11°N (Devis 2003). Through this current, the interannual forcing 
associated with the El Nino phenomenon periodically affects the area (Sanchez-Reus and 
Zabaleta-Vidales 1972). The southern part of the Bight is influenced by the Humboldt 
Current which brings cold, salty and nutrient rich waters into the area. This current 
intensifies every year around August - September when the ITCZ migrates to the north 
(Andrade 1992; Devis et al. 2002). 
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Figure 4.1. a) Location of the Panama Bight Ecoregion on the eastern tropical Pacific 
Ocean; and b) Grid of sampling stations established in the Pacific Colombian Ocean. 
Materials and methods 
Satellite ocean color imagery from SeaWiFS from launch in September 1997 to 
December 2006, was used to obtain satellite derived phytoplankton pigment 
concentrations in Tumaco Bay and the surrounding waters. Daily images of chl a were 
combined into monthly composites to average over individual events and missing data 
periods. The monthly period was considered a reasonable compromise between retaining 
sufficient temporal resolution to visualize seasonal patterns, filling missing data gaps, and 
averaging over individual events. The monthly observations of the satellite remote 
sensed chl a concentration and the in situ data were used to determine seasonal and 
interannual variability in the region for almost a decade. In situ data was also used to 
determine relationships between the abundance and taxonomic composition of the 
phytoplankton community collected in the CPO and the chl a distribution obtained by 
satellite imagery in the study area. 
In situ data was obtained from Tumaco Bay and from six oceanographic cruises 
made in the Colombian Pacific Ocean during November-December 1997, April-May 
1998, May/November-December 2000 and June-July/August-September 2001. These 
cruises were chosen because they represented the three climatic regimes analyzed during 
this study. The 1997 and 1998 cruises were done during the strongest El Nino event, the 
2000 cruises occurred during the longest La Nina event, and the 2001 cruises took place 
during the Normal regime. Water samples for the analysis of chlorophyll and 
phytoplankton were collected using Niskin bottles at 33 sampling stations (Fig. 4.1). 
Chlorophyll concentrations were obtained by extraction of pigments in 90% acetone and 
spectrophotometric analysis, following Parsons et al. (1984). Phytoplankton samples 
were preserved with 10% formalin + 10 % Lugol's solution (percent of the final volume), 
and the cells were counted and identified in the laboratory. 
Results 
Seasonal variability of chl a: Satellite imagery indicated that in general, 
beginning around November-December of each year, a significant increase in chl a was 
observed at the Gulf of Panama that gained strength and expanded southwest towards the 
Colombian Pacific Ocean during the first part of the year. At the same time, a band of 
high concentration of pigments started to develop at the Colombian Coast, especially 
between 2°N and 5°N. In March, chl a concentrations increased, covering a large portion 
of the west part of the Panama Bight (which includes the waters off Panama, Colombia 
and Ecuador; Fig. 4.1) and the coast, with values that surpassed 1.00 mg/m3 in the 
oceanic portion of the Bight and values higher than 40 mg/m3 at the coast (Figs. 4.2). In 
April, pigment values began to decrease at the oceanic part of the Bight, reaching 
concentrations lower than 0.10 mg/m3 in May. The rest of the year was characterized by 
low chl a values ranging between 0.01 and 0.04 mg/m3. At the coast, pigment 
concentrations remained high until April-May, but decreased around May-June resulting 
m values between 1.00 and 5.00 mg/m for the rest of the year. 
Interannual variability of chl a: During the El Nino that occured from October 
1997 to May 1998, the highest concentrations of chl a were detected only during two 
months, when values rose in the Gulf of Panama on December 1997 to values between 
1.00 and 20.00 mg/m and in the Colombian ocean and coastal zone in January 1998 with 
values that reached more than 6.00 mg/m3. Concentration decreased to low 
concentrations (< 0.5 mg/m3) on the ocean side in February 1998, and at the coast (<4.00 
mg/m3) in May-June 1998. During this event, the high pigment concentrations were not 
observed in the satellite imagery of the Ecuadorian Ocean (Figs. 4.2 and 4.3). The 
increase in chl a observed in January during this El Nino episode coincided with the 
highest values of precipitation (902.3 mm) registered during this time in the study area. 
Also, the highest peak of abundance of dinoflagellates (189 cells/ml) in Tumaco Bay was 
found in January 1998. Two oceanographic cruises conducted in the CPO during 
November-December 1997 and May 1998 revealed that the composition and abundance 
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of dinoflagellate species significantly increased during this event with the formation of 
blooms in the coastal zone. The highest numbers of dinoflagellates were found outside 
Tumaco Bay and around Gorgona Island, with values ranging between 110 and 156 
cells/ml. Both cruises also showed that, in general, chl a concentrations were low in 
Colombian waters, with values raging between 0.0 and 0.73 mg/m3 at the open ocean and 
between 0.0 and 1.00 mg/m3 at the coast during the November-December 1997 cruise and 
between 0.07 and 1.32 mg/m3 at the open ocean and between 0.25 and 2.21 mg/m3 at the 
coast during the May 1998 cruise (Figs. 4.4 a, b). The highest values of chl a found in 
the oceanic waters were registered around Malpelo Island and in the coastal waters 
around Gorgona Island, the coast of Guapi and in Tumaco Bay (Fig. 4.1, 4.4). 
The longest La Nina event that took place during the ten years of observations 
followed the El Nino 97-98. This event began in August 1998 and ended in March-April 
2001. Satellite imagery showed that during this episode chl a values increased 
significantly from January to April of each year (1999-2001), especially during 
February-March of 2000 and 2001, when high concentrations of chl a covered almost all 
the Panama Bight (Fig. 1.2 and 4.3). In the oceanic part of the Bight, chl a values ranged 
between 0.70 and 3.00 mg/m and in the coastal zone between 1.00 and 40.00 mg/m . 
Chlorophyll a decreased around May of the three study years listed above, with values 
ranging between 0.05 and 2.00 mg/m3 in the open waters and between 1.00 and 5.00 
mg/m3 at the coast. Pigment values remained low (0.01 - 4.00 mg/m3) for the next 
months until December when the concentration of the pigment began to increase in the 
Gulf of Panama and at the Colombian coast. In 2000, the increase in chl a was observed 
a month earlier in the Gulf of Panama (Figs. 4.2 and 4.3). Two oceanographic cruises 
that took place in the CPO in May 2000 and November-December 2000 showed that 
abundance and composition of the diatoms community increased considerably (318 
cells/ml average) during this La Nina event, in contrast to the low numbers (145 cells/ml 
average) observed during the 97-98 El Nino. In addition, the data collected in Tumaco 
Bay showed that the highest numbers of diatoms observed during this research were seen 
during the 1998-2001 La Nina event, with the highest peaks observed in March (2113 
cells/ml) and April (1747 cells/ml) 2000. The 2000 cruises also showed an increase in 
the chl a values compared with the 1997-1998 cruises. During the May 2000 cruise, 
pigment values went from 0.05 to 1.65 mg/m3 at the open ocean and from 0.08 to 4.11 
mg/m at the coast. During the November-December 2000 cruise, values ranged between 
0.06 and 0.74 mg/m3 at the open ocean and between 0.35 and 2.76 mg/m3 at the coast 
(Figs. 4.4 c, d). The highest values of the pigment were found again around Malpelo 
Island, Gorgona Island, the Guapi coast and in Tumaco Bay (Fig. 4.1, 4.4). 
After the August 1998 - March 2001 La Nina episode, the system returned to 
normal conditions for over a year. SeaWifs imagery of 2001-2002 showed that once 
again after the January-April high pigment concentrations (1.00 - 40.0 mg/m3), chl a 
values decreased (0.05 - 5.00 mg/m3) around May-June and remained low (0.01 - 4.00 
mg/m3) until December (Figs. 4.2 and 4.3). A similar pattern was observed from May 
2003 to June 2004, from March 2005 to September 2005 and from May 2006 to August 
2006, which corresponded to months without the influence of ENSO (Fig. 4.3). Two 
oceanographic cruises conducted in June-July 2001 and in August-September 2001 
showed concentrations of chl a between 0.02 and 0.66 mg/m3 and between 0.0 and 1.70 
mg/m3, respectively (Figs. 4.4 e, f). Between March and May 2002, pigment 
•a 
concentrations appeared to be higher (between 0.50 and 7.00 mg/m ) in the oceanic part 
of the Panama Bight compared to the satellite images obtained for the rest of the years. 
These high values of chl a coincided with the appearance of an enormous harmful algal 
bloom formed by the dinoflagellate Alexandrium tamarence that was detected during an 
oceanographic cruise in March 2002. Unfortunately, chl a in situ data from this cruise 
were not available at the time of this analysis. 
Three more El Nino episodes were detected in the Eastern Pacific going from 
June 2002 to March 2003, from July 2004 to February 2005 and from September 2006 to 
December 2006. A similar situation to the one observed during El Nino 97-98 was seen 
during the 2002-2003 and 2004-2005 satellite imagery, when pigment concentrations 
were high only at the very beginning of the year and dropped around March-April of 
2003 and 2004, compared with the normal years (Figs. 4.2 and 4.3). The rest of the 
months influenced by these El Nino episodes were characterized by low pigment 
concentrations. 
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CHAPTERV 
DISCUSSION 
The results of this study have provided evidence for a strong influence of seasonal 
and interannual variability due to the effects of the ITCZ and ENSO on the 
spatiotemporal variability in the diatom and dinoflagellate community structure and chl a 
concentrations in Tumaco Bay and surrounding waters. Important environmental 
correlates of community structure were identified using Canonical Correspondence 
Analysis (CCA). Strong variations in parameters like precipitation, temperature, nutrient 
concentrations and Secchi depth (water clarity) correlated predominantly with diatom and 
dinoflagellate community structure. It was found that the migration of the ITCZ in the 
region caused a strong annual cycle, where abundant rainfall and upwelling processes 
characterized the first part of the year. The rest of the year was typified by significant 
decreases in rainfall and upwelling relaxation, except for August-September when 
moderate upwelling was observed. This seasonal cycle was affected by interannual 
variability due to ENSO, where five El Nino and four La Nina events were identified 
since 1993. Shorter periodicity between events (15 months to less than 3 years) was 
found in this study compare with the literature. 
Community Assemblage 
This study included the first compilation of diatom and dinoflagellate species 
found in Tumaco Bay in thirteen years of observations. However, some of the species 
were already reported by Medina (1997), Garcia-Hansen (2001), Garcia-Hansen and 
Malikov (2002) and Devis et al. (2002) for the waters of the Colombian Pacific Ocean. 
In general, the diatom community was found to be the dominant group compared with 
other communities (i.e. dinoflagellates, coccolithophorids and silicoflagellates), in the 
waters of the bay, being the most abundant with the greatest number of species observed. 
The most important species was the centric diatom Skeletonema costatum, followed by 
other centric diatoms like Chaetoceros curvisetus, Chaetoceros lorenzianus, Chaetoceros 
affinis, Guinardia striata, Chaetoceros didymus, Bacteriastrum hyalinum, Hemiaulus 
sinensis, Chaetoceros diversus, Leptocylindrus danicus,Proboscia alata and Par alia 
sulcata; and the pennate diatoms Thalassionemafrauenfeldi, Thalassionema 
nitzschioides and Pseudo-nitzschia subpaciflca. The dinoflagellate community was less 
rich and abundant. However, once a year during the RS (around May) and under the 
strongest conditions of El Nino episodes, this community dominated the waters of the 
bay. The Prorocentrales Prorocentrum micans and Prorocentrum gracile were the top 
species, followed by the Peridiniales Protoperidinium steinii, Diplopelta assymetrica, 
Scrippsiella trochoidea, Preperidinium meunieri (Pavillard) and Protoperidinium 
conicum (Gran); and the Gonyaulacales Ceratium furca, Ceratiumfusus, Gonyaulax 
sphaeroidea and Gonyaulax fragilis. 
It is important to make clear that the diatom/dinoflagellate assemblage was 
chosen because it exceeded other communities like coccolithophorids and other 
flagellates (e.g. silicoflagellates) in cell numbers and amount of species significantly. On 
the other hand, whether or not other groups like prochlorophytes and cyanobacteria could 
at any point dominate the phytoplankton community in Tumaco Bay is still unknown 
until studies that involve these groups are conducted. 
Phytoplankton Response 
The spatiotemporal composition and distribution of the diatom and dinoflagellate 
community assemblage in Tumaco Bay was clearly influenced by variability in 
environmental conditions as demonstrated by the CCA. Some of the most important 
variables influencing the phytoplankton assemblage according to the CCA were 
precipitation, temperature, salinity, nutrient concentrations (nitrites, nitrates, ammonium, 
phosphates), Secchi depth (water clarity), and the nominal variables that described 
seasonality (dry season and rainy season) and climatic regime (El Nino and La Nina). 
Variance in phytoplankton abundance and species composition in the sub-tropical and 
tropical eastern Pacific has been ascribed to processes that operate over short time scales 
(days, weeks, months, seasons) associated with local disturbances in physical regimes, 
particularly upwelling, to larger scale processes (years) associated with climate changes 
(Tont 1981; Ryan et al. 2002; Patil 2003; Cloern and Dufford 2005; Montecino et al. 
2005; Thiel et al. 2007). 
Seasonal Variation in Phytoplankton Populations 
Phytoplankton succession in the Eastern Pacific Coast has been found to be 
dependent on environmental factors such as water column stratification and on cycles of 
seasonal upwelling (March / September) that alternate with seasonal convergence of 
oligotrophic oceanic waters with shelf waters (Estrada and Blasco 1979). The structure 
of phytoplankton communities along the coast also has been found to depend on 
geographical differences of freshwater runoff, source of the upwelled waters and 
upwelling dynamics that in turn are influenced by coastline geometry, bottom topography 
and wind regime (Estrada and Blasco 1979; Tchantsev and Cabrera 1998; Agujetas et al. 
2001; Montecino et al. 2005). The response of the communities of diatoms and 
dinoflagellates to seasonal variation in Tumaco Bay led to some important observations: 
1) increases in species richness and abundance of both groups were correlated with 
increased nutrient concentrations observed during the cold phase/RS; 2) diatom blooms 
occurred during the cold phase, 3) dinoflagellate blooms occurred at the end of the 
RS/cold phase and beginning of the warm phase; 4) decreased in species richness and 
abundance of both groups and lack of blooms characterized the DS; and 5) diatom and 
dinoflagellate abundances were higher nearshore than offshore in the bay. 
A drop in sea surface temperature of few weeks of duration and increased nutrient 
concentrations, like nitrate, at the surface layer can be used as a key signature of 
upwelling in a region (Tont 1981). Increases in abundance and species richness of the 
phytoplankton community were clearly related with upwelling processes in Tumaco Bay, 
where the number of cells of more than 60% of the species started to increase in March 
with the presence of colder and nutrient rich waters, reaching up to 2-fold or 3-fold their 
numbers. As the season advanced, blooms of diatoms like Skeletonema costatum, 
Chaetoceros lorenzianus, C. curvisetu, C. afflnis and C. peruvianus were observed. 
These blooms occurred around the end of March and during April of every normal year 
coinciding with the lowest values of temperature in the water column and the highest 
concentrations of nutrients. Even though concentrations of nutrients in the bay remained 
high until the end of May and beginning of June, diatom blooms dissipated at the end of 
April when water temperatures increased. This corresponded to the conclusion of the 
upwelling and the beginning of the warm phase. At that time the dinoflagellate 
community started to peak. 
Nutrients brought into the area by upwelling also benefited the dinoflagellate 
community. However, the greatest abundances of this group were not seen until the end 
of the cold phase, when blooms of species like Prorocentrum micans, Gonyaulax 
sphaeroidea, Scrippsiella trochoidea and Prorocentrum gracile were observed. These 
blooms coincided with high to moderate concentrations of nutrients and the highest 
values of sea surface temperature and precipitation observed during the year in the bay. 
Although the upwelling declined in April, nutrient concentrations remained high in 
Tumaco Bay until the end of the RS (May-June) due to the influence of the numerous 
tributaries that discharge into the bay, the most important of these are Mira, Rosario, 
Patia, and Mejicano Rivers (Mosquera 1992; Casanova et al. 2000). Consideration of 
these observations suggests that changes in water temperature or variation in nutrients 
themselves were not to the single causative factor of phytoplankton growth, but the 
combined effect of both was most important. Tont (1981) found that changes in sea 
surface temperature indicative of upwelling off the Southern California coast were the 
primary cause of phytoplankton blooms and not temperature itself. He inferred that if 
phytoplankton abundances were associated with the rate of nutrient input, then they 
would be expected to follow temperature variations that reflect such nutrient inputs. 
However, in Tumaco Bay, temperature did not seem to play the role of just an indicator 
of environmental change, but also a principal factor that combined with the nutrient 
inputs would regulate the seasonal diatom and dinoflagellate blooms. 
As demonstrated by the CCA, species of diatoms and dinoflagellates responsible 
for the formation of blooms in the bay were arranged in two different regions of the CCA 
space (Fig 2.8). Where diatoms were closely gathered at the center of the CCA, clearly 
responding to low temperatures (under 27.0°C) and high concentrations of nutrients. In 
contrast, dinoflagellate species were scattered at the right-hand side of the two-
dimensional CCA plot and were associated with waters with high to moderate nutrient 
content and with a range of higher temperatures from 27.3 to 28.0°C. This could explain 
why diatoms and dinoflagellates never were found to bloom at the same time of the year 
in Tumaco Bay. Blooms of diatoms dominated by S. costatum were observed every year 
during the February-April upwelling event. This bloom was then followed by mixed 
blooms of the different species of the Chaetoceros mentioned above and/or blooms of 
other species like Bacteriastrum hyalinum, Guinardia striata and Thalassionema 
nitzschioides. Centric diatoms always were found to peak first followed by pennate 
diatoms, a sequence that was also observed by Michisaki et al. (2005). After the 
disappearance of these blooms, and the first increase in temperature and highest levels of 
precipitation, blooms of the dinoflagellates Prorocentrum micans and Scrippsiella 
trochoidea were always observed, followed by sporadic blooms of Prorocentrum gracile. 
Blooms of P. gracile did not occur every year and were related with higher temperatures 
and a slight decreased concentration of silica and nitrate. Finally, blooms ofGonyaulax 
sphaeroidea were seen at the end of the RS when nutrients declined and temperatures 
reached their highest. This is a clear example of what Estrada and Blasco (1979) 
denominated as the diatom and dinoflagellate phases. According to these authors, the 
possible factor controlling the dominance of the diatom or dinoflagellate community in 
153 
an area affected by upwelling was the origin of the enriched waters influencing such area. 
Some studies have related the dominance of diatoms to periods of strong upwelling 
characterized by nutrient rich waters, while the dominance of dinoflagellates have been 
attributed to periods of oligotrophic oceanic waters (Michisaki etal. 2005). In Tumaco 
Bay the dominance of diatoms was indeed associated with periods of strong upwelling. 
However, the dominance of dinoflagellates always followed the diatom blooms and was 
related with periods of upwelling relaxation and high runoff, typified by moderate to high 
nutrient concentrations. Dinoflagellates have been found to follow large diatom blooms, 
especially the winter-spring bloom found in many coastal environments (Riley 1957; 
Patten et al. 1963; Estrada and Blasco 1979; Taylor and Pollingher 1987; Hinga 1992, 
Kilincl998). 
The second part of the year, described as a DS/warm phase, was characterized by 
a marked decrease abundance and species richness of diatoms and dinoflagellates and by 
a lack of blooms. It is clear that during this season, the presence of warm waters depleted 
in nutrients did not favor either community. The only important increase in abundance 
was caused by a few species of the diatom community, the most important being S. 
costatum and two other species of Chaetoceros (C. radicans and C. compressus). 
According to Patil (2003), opportunistic species like S. costatum take advantage of the 
prevailing environmental conditions and grow. Once more, these elevated cell counts 
were related to an increase in nutrient content and a decrease in water temperature of 
about 1°C observed around August-October of every normal year. These conditions have 
been related with the influence of the Humboldt Current in the area causing moderate 
upwelling in Tumaco Bay (Pineda et al. 2001; Devis et al. 2002). However these 
conditions did not favor the growth of dinoflagellates and hardly ever promoted the 
formations of any blooms. 
One possible explanation for the lack of dinoflagellates growth is that the 
increased nutrients came along with a decline in water temperature which did not seem to 
benefit the members of this community that form blooms in the bay. These findings 
could support the suggestion that higher temperature/high nutrient conditions might be 
required for the growth of these dinoflagellates. However, another likely explanation for 
the absence of diatom and dinoflagellate blooms is that the amount of nutrients 
introduced into the system by the Humboldt Current was not sufficient to support a 
bloom. Although nutrients, like nitrate, can be found in high concentrations in the waters 
of the Humboldt Current, primary production has been found to be low as the current 
approaches the Equator due to limitations of nutrients like silica and iron (Gomez et al. 
2007). In fact, when compared with the first part of the year, concentrations of nutrients, 
like nitrate, were fairly high around August-October in the waters of the bay, yet other 
nutrients like phosphate and silica were very low. According to Tont (1981), a lack of 
blooms can be attributed to low concentrations of nutrients not just in the surface layer 
but also in the portion of the water column affected by upwelling. Although a bloom can 
be a response to increased nutrients in the euphotic zone, an upwelling event may not 
necessarily be able to provide necessary limiting nutrients (Tont 1981). Depending on 
the source of the upwelled waters, the intensity of the upwelling is likely to vary (Estrada 
and Blasco 1979) resulting in a selective advantage for phytoplankton growth (Margalef 
1974). 
Increases and decreases of phytoplankton abundance were consistent with 
seasonal variations in chl a concentrations. Blooms of diatoms and dinoflagellates 
coincided with the highest values of in situ and remote sensed chl a observed in the 
Colombian Pacific Coast. It was found that a significant increase in chl a was observed 
at the Gulf of Panama around November-December of each year gaining strength and 
expanding towards the Colombian Ocean during the first part of the year. As stated by 
D'Croz et al. (1991), Agujetas et al. (2001) and D'croz and O'dea (2007) a strong 
seasonal upwelling has been found to develop between the end and the beginning of the 
year in the Gulf of Panama, when northeast trade winds cross to the Pacific over a low 
part in the Isthmian mountain range in central Panama, displacing nutrient-poor coastal 
surface water offshore. According to the authors, this displaced surface water caused the 
thermocline to migrate upwards and surface waters became nutrient enriched and chl a 
levels increased. As the year advanced, around March - April, high concentrations of chl 
a were found to cover a big portion of the west part of the Panama Bight and the coast, 
which consistent with Agujetas et al. (2001) and Rodriguez-Rubio and Stuardo (2002) 
have been related to the maximal intensification of the wind jet originated at the Gulf of 
Panama. This jet has been described to affect the zone by producing a cyclonic 
circulation in the eastern part of the area and an anti-cyclonic circulation in the western 
part, where the combine effect of both form a strong southward current in the middle of 
the Bight and a coastal current flowing to the North (Rodriguez-Rubio and Stuardo 
2002). Preceding these blooms, Chl a values started to decrease around May and 
remained low the rest of the year as a result of a generalized wind relaxation causing the 
jet to disappear from the Colombian basin and the Gulf of Panama (Rodriguez-Rubio and 
Stuardo 2002). Theses low values of chl a concentration coincided with the general 
decreased in diatom and dinofiagellate abundances and the lack of blooms observed 
during the DS. 
In an environment with temporally variable species composition, such as Tumaco 
Bay, the dominance of one species or a group of species over the others can be achieved 
by the species with the greatest excess of growth over loss (Kilinc 1998). Fast growing 
species like Skeletonema costatum, can achieve dominance primarily by virtue of their 
superior reproductive rate (Pratt 1966; Paul 2003). Subsequent to the decline of the S. 
costatum, other diatoms have been found to use different strategies to dominate, such as 
more efficient use of reduced nutrients and even the release of exocrine substances (Pratt 
1966). Mixed blooms of different combinations of diatoms, like the ones observed in the 
bay {Chaetoceros lorenzianus, C. curvisetu, C. radicans, C. compressus and 
Thalassionema nitzschioides), have been seen to outcompete the S. costatum bloom due 
to more efficient use of low concentration of nutrients like nitrate (Garrison 1981). This 
observation was consistent with this study, where nitrate was found to be the first nutrient 
to decrease in the waters of the bay after the S. costatum bloom. Nitrate depletion in the 
water column has been ascribed as one of the most important factors inducing dormancy 
in S. costatum (Patil 2003). It has also been suggested that exocrine substances released 
by the species that come later in the sequence might mediate the replacement of species 
typical of the first stage, such as S. costatum (Pratt 1966). 
Regardless of the strategies used by these microalgae to overcome each other, 
these bloom forming diatoms were found to dominate the diatom/dinofiagellate 
assemblage in Tumaco Bay. They were seen almost all year round in the bay, although in 
different numbers, except during the end of the RS/beginning of the warm phase, the only 
time of the year in which the dinoflagellate community dominated. Important variations 
in water temperature and nutrient concentrations appeared to be some of the main aspects 
regulating the growth of the diatom or the dinoflagellate communities in the bay. 
Variables like temperature, nutrients and light have been generally considered as the 
main factors affecting phytoplankton growth (Chalup and Laws, 1990; Cloern and 
Dufford 2005). A high Si:P ratio has been described as one of the growth factors shown 
to favor diatoms over other communities (Kilinc 1998). Substantial increases in silica 
were observed in Tumaco Bay during the February-April upwelling events when diatoms 
bloomed, a situation that also has been reported in other continental margin upwelling 
areas, such as the Gulf of California, Walvis Bay and Peru-Chile, among others 
(Demaster 1981; Brzezinski et al. 1997; Ittekkot et al. 2006). However, due to the slow 
recycling of silica, diatom growth will quickly reduce the Si:P ratio and change the 
environmental conditions in favor of other taxa (Kilinc 1998). Low concentrations of 
silica have been suggested to promote dinoflagellates and cyanobacteria over diatoms 
(Hinga 1992; Kilinc 1998). 
Although slight decreases in silica observed after the diatom blooms might have 
favored the blooms of dinoflagellates in Tumaco Bay, concentrations of this nutrient 
persisted relatively high at the time of these blooms. Considering that dinoflagellate 
blooms happened during the months of highest precipitation (May and beginning of 
June), concentrations of silica could have remained high in the bay due to river run off. 
According to Ittekkot et al. (2006), rivers are responsible for nearly 80 percent of the 
silica entering the global ocean. So if low concentrations of silica were believed to 
158 
promote the dinoflagellate growth, this community would have dominated the 
phytoplankton assemblage during the DS in Tumaco Bay when silica values dropped 
considerably. Bloom forming dinoflagellates, and in general the members of this 
community, were found in very low numbers or totally absent during the DS in the waters 
of the bay, which were characterized by warm stable poor nutrient conditions. Bloom 
forming species, like Prorocentrum gracile and Gonyaulax sphaeroidea, were seen 
exclusively at end of the RS/beginning of the warm phase, when temperature increased 
and the waters became stratified, but the amount of nutrients remained high. According 
to Cloern (2005), stratified conditions promote the growth of dinoflagellates that migrate 
vertically to exploit nutrient gradients. An interesting finding was that the majority of the 
species that form blooms in Tumaco Bay corresponded to species that have been reported 
worldwide except for the last two mentioned species that only have been found from 
temperate to warm waters (Annex B). Many dinoflagellates have geographic 
distributions reflecting oceanic temperate zones and hence could be used as indicators of 
climate oscillations (Poulsen 1996). All these observations bring the attention once again 
on the influence of temperature not just as a regulator of phytoplankton distribution but 
also over phytoplankton growth. 
In mass culture experiments made by Goldman and Carpenter (1974) and 
Goldman and Ryther (1976), temperature was found to have a strong influence on the 
chemical composition of marine phytoplankton. The authors established that several 
species had as a common characteristic a minimum nutrient content (as nitrogen or 
carbon) per cell at the temperature optimum for cell division, with increasing cellular 
biomass at lower and higher temperatures. Consequently, cell division and nutrient 
uptake rates were uncoupled with respect to temperature. Experiments done with 
Skeletonema costatum showed that decreased temperatures led to lower division rates and 
to higher rates of carbon and nitrogen assimilation. However, an increased enzyme 
production as a result of a higher cellular protein concentration was used by this species 
as an adaptive mechanism for maintaining high photosynthetic rates at the lower 
temperatures (Jorgensen 1968). Mass competition experiments showed that the major 
effect of temperature seemed to be on individual species growth, where S. costatum at 
10°C and the marine chlorophyte Dunaliella tertiolecta at 30°C were the dominant and 
most efficient species in assimilating inorganic nitrogen and carbon (Goldman and 
Ryther 1976). So it is not coincidental that S. costatum which strongly displays this 
uptake at lower temperatures was found to be the dominant species during the seasonal 
February-April and August-October upwelling events observed every normal year in 
Tumaco Bay. The Goldman and Ryther (1976) experiments also showed that S. costatum 
could not grow at 30°C, which could explain why this species was very depressed or 
even absent when temperatures in the bay reached their highest (up to 29.5 °C around 
May-June). 
On the other hand, less work has been done that relate the influence of 
temperature over dionoflagellate growth. Some important observations have been made 
by authors like Wang et al. (1993,1995) and Lee (2004,2006), who related the 
occurrence of blooms of Prorocentrum micans with conditions of high temperature (26 to 
27°C) and low salinity (29-30) in coastal waters of China and Korea. Miklail (2001), 
Ismael and Halim (2001) and Ismael and Dorgham (2003) associated blooms of 
Scrippsiella trochoidea with a wider range of temperature (25.3-28.8°C) and salinity 
(20.1 -32.4) and with conditions of high nutrients and runoff off the coast of Egypt. 
Jimenez (1989) found that in the Ecuadorian waters, blooms of Prorocentrum gracile 
were favored by a stable water column with surface temperatures between 26.8 and 
27.2°C. Laboratory experiments run by Wang et al. (1993) suggested that temperature 
was the most important factor inducing blooms of P. micans. However, blooms of this 
species would not occur if nutrient content was low, although water temperature, salinity, 
pH and light intensity were optimum for P. micans growth (Wang et al. 1993). This 
would explain why blooms of P. micans only happened during the high temperature/high 
nutrient episodes observed during May-June of every normal year in Tumaco Bay. 
Blooms of S. trochoidea and P. gracile were also seen at the same time of the year, 
although at temperatures not lower than 27.0°C. Conditions of water column stability 
and high runoff were also described in all the mentioned articles at the time of these 
blooms, a situation that was observed in Tumaco Bay as well. Patil (2003) and Spatharis 
et al. (2008) found that maximum phytoplankton biomass values were usually found in 
coastal areas influenced by runoff. All these observations help to explain why bloom 
forming dinoflagellates, and in general most of the members of this community (with 
very few exceptions), were depressed or absent during the DS, time of the year in which 
warm, poor nutrient waters characterized the bay. 
However, dinoflagellate species were not the only ones depressed or absent 
during the DS in Tumaco Bay. A total of 33% of the taxa, represented by 56 species (34 
diatoms and 22 dinoflagellates) that were observed during the RS, did not occur during 
the DS. Some of the genera with their entire set of species that thrived during the RS, 
almost disappeared or were completely absent during the DS. This is the case for the 
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diatom genera Asteromphalus (4 spp.), Cerataulina (2 spp.), Coscinodiscus (8 spp.), 
Cyclotella (2 spp.), Navicula (4 spp.) and Pleurosigma (4 spp.), and the dinoflagellate 
genera Protoperidinium (9 spp.) and Prorocentrum (5 spp.). The majority of these 
species have been encountered primarily in sediments and tidal flats (Jimenez 1983; Patil 
2003). However, during periods of high precipitation these species also have been found 
in the water column due to resuspension caused by the mechanical effect of riverine 
discharge (Patil 2003). This would explain why during the DS these species were absent 
from the waters of the bay. 
Even thought the DS did not favor the growth of many species in the bay, a group 
of six species, one diatom (Stephanopyxis turris) and five dinoflagellates (Ornithocercus 
steinii, Ceratium trichoceros, Corythodinium constrictum, Paleophalacroma verrucosum 
and Pyrocistis noctiluca) were seen exclusively at this time of the year. These species 
were relatively rare and were sampled only during the influence of the Humboldt Current 
into the bay, for which they could be used as possible indicators of this water mass. The 
same was observed for the diatoms Chaetoceros radicans and C. compressus, which went 
from being almost absent all year round to thrive during the influence of this current. It 
appeared that the effects of the Humboldt Current around August-October into the bay 
helped to balance the adverse conditions of the DS, working as a booster for the increased 
abundance of a good number of species, especially diatoms, that were depressed during 
the rest of this season. 
Canonical correspondence analysis demonstrated that the taxa mentioned above 
were responding to different environmental conditions that characterized each one of the 
seasons. The CCA plots displayed the species scores of the taxa seen exclusively during 
the RS on the lower right-hand of the 2-dimensional space associated with high to 
moderate nutrients and precipitation. Conversely, the six species that were exclusively 
seen during the DS were responding to lower nutrient content and low precipitation, were 
formed on the opposite part of the plot (extreme upper left-hand side). There was also a 
group of species in which the mean abundance values did not seem to change much 
between the two seasons. However, it was found that the majority of these species was 
actually responding to the February-April and October-September upwelling events, 
otherwise these species were almost absent or absent during the rest of the DS. In 
general, the abundance values of these microalgae were slightly higher at the beginning 
of the year when the upwelled waters were colder, saltier and richer in nutrients, except 
for a few exceptions. According to Evans (1988), differences in how phytoplankton 
communities react to changes in environmental conditions regulate temporal patterns of 
species abundance, or succession, in the complete sense of disappearance and 
reappearance of groups. He found that in a seasonal succession groups that were 
temporarily replaced reappeared year after year in about the same concentrations, a 
behavior that was also exhibit in the waters of the bay. As described by the author "the 
phytoplankton must act upon, as well as respond to, their environment if they are to-
coexist." Phytoplankton communities in the ocean usually include different species at 
different times of year in response to seasonal variation in environmental variables, 
which affect the species relative growth rates (Margalef 1974; Evans 1988). According 
to Kalff and Knoechel (1978), one species will replace another if, and only if, it has a 
higher net population growth rate for a long enough time, whatever the reason. 
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Only two groups of species were seen almost all year round in the bay. One 
corresponded to slow-growing, large-sized diatoms like Proboscia alata, Thalassionema 
frauenfeldi, Dityllum brightwelli, Hemiaulus sinensis and Rhizosolenia setigera, and the 
other corresponded to fast-growing, smaller-sized, bloom forming diatoms (Skeletonema 
costatum, Chaetoceros lorenzianus, C. curvisetu, C. afflnis, C. peruvianus, Bacteriastrum 
hyalinum, Guinardia striata and Thalassionema nitzschioides). The species from the first 
group were never seen to bloom; their numbers increased during the RS and the 
upwelling events (up to 80-90 cells/ml) and remained lower but fairly constant the rest of 
the year (10-30 cells/ml). The second group of species was found to dominate the 
phytoplankton community in Tumaco Bay, increasing in numbers and blooming under 
favorable conditions. The species of the last group has been described not just as a fast 
growing species, but also as a cosmopolitan and opportunistic (Sarno et al. 2005). 
Viewed from the evolutionary ecology of phytoplankton, the diatoms from the first group 
could be considered as ^-selected organisms, which are specialists in resource-limited 
environments, that produce fewer young and sustain their population size for long periods 
by utilizing the resources very efficiently (Margalef 1978; Lalli and Parsons 1994). 
Conversely, the diatoms from the second group could be considered as r-selected 
organisms, characterized by their faster growth and /or opportunistic appearance as quick 
response to favorable conditions, have little ability to compete with other species, and 
have high mortality rates (Margalef 1978; Lalli and Parsons 1994). In fact, the only time 
in the year in which this group of species was almost absent or totally absent was during 
the dinoflagellate dominancy in May-June. 
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Although these two groups of diatoms were present during the DS, the low 
numbers recorded during this season (except during the August-October upwelling 
event), and the very reduced number or the lack of many other species of diatoms and 
dinoflagellates, may suggest the possibility that other communities, such as cyanobacteria 
and prochlorophytes, were the ones that benefited during these adverse conditions. It is 
generally acknowledged that the diatoms appear early in the successional sequence, the 
dinoflagellates in the middle and blue-green algae toward the end (Margalef 1978). 
Blooms of blue-green algae can be seen especially in the late summer when temperatures 
have increased and nutrients are depleted. One of the most intriguing ecological 
characteristics of cyanobacteria, besides the capacity to grow over a very wide range of 
irradiances in nature, is the ability to colonize oligotrophic areas (Cuevas and Morales 
2006). Large phytoplankton cells, like diatoms and dinoflagellates, generally have a low 
surface area to volume ratio, which leads to a need for nutrient-rich habitats, in contrast 
to smaller picoplankton, such as prochlorophytes and cyanobacteria, that have higher 
surface area to volume ratios and allows for more efficient exploitation of low nutrient 
concentrations (Cuevas and Morales 2006). However studies that involve these 
communities need to be done in the bay to prove these statements. 
Another important feature observed in the bay was that the phytoplankton 
communities were displaying not just temporal patterns of species abundance, or 
succession, but also spatial patterns of distribution. Although phytoplankton populations 
differed more on the scale of between seasons than between stations, the CCA also 
demonstrated that many species responded to the environmental conditions that 
characterized the different sites from which they were collected. Similar observations 
were made by Hosja and Deeley (2000) and Safi (2003) in different estuaries of Australia 
and New Zealand, where they found that spatial changes in microalgal populations 
between locations were as important as seasonal changes. 
In general, within the bay, diatom and dinoflagellate abundances and species 
composition were similar and several times higher at nearshore stations 1 and 3, than at 
offshore stations 7 and 8, with a dramatic decrease towards the bay mouth at station 5. 
These observations were consistent with similar patterns of phytoplankton biomass found 
in estuaries rather than in marine areas (Hosja and Deeley 2000). According to Safi 
(2003) both pelagic and benthic microalgal assemblages decreased in similarity generally 
as spatial scale increased due to differences in environmental conditions among sites. 
These differences were clear in the waters of the bay, where due to the influence of 
numerous rivers the inshore part of the bay was characterized by fresher and nutrient rich 
waters, along with low concentrations of dissolved oxygen, low values of Sechhi depth 
(water clarity) and the highest concentrations of chl a. These waters were also shallower 
and warmer. In contrast, the offshore part of the bay was typified by deeper, colder, 
saltier, clearer and more oxygenated waters with lower nutrient and chl a concentrations. 
These conditions were emphasized or diminished depending of the time of the year, thus 
influencing community composition. 
The difference in abundance and species composition between stations was 
accentuated especially during the RS and during the February-April and August-October 
upwelling events. Nineteen species that were seen exclusively at the nearshore stations 1 
and 3 were benthic microalgae collected during the RS. The taxa found only at the 
offshore stations 5 and 7 were all pelagic species found during both upwelling events. 
The species found at station 1 and 3 appeared in low numbers and were represented by 11 
pennate diatoms (Achanthes longipes, Amphora arenicola, A.lineolata, Bacillaria 
paxillifer, Diploneis didimus, Navicula cancellata, N. delicatula, Nitzschia lanceolata, N. 
obtuse, N. sigma, Pleurosigma directum); 6 centric diatoms (Actinoptychus senarius, 
Cerataulina pelagica, Coscinodiscus curvatulus, Cyclotella meneghiniana, Gossleriella 
tropica, Odontella longicruris); and 2 dinoflagellates (Ceratium extensum and 
Protoperidinium oceanicum). Almost all these species were single-cell benthic 
microalgae; except Bacillaria paxillifer that is a pelagic species that always form chains 
(Safi 2003). In general these benthic species had big sizes, and have been usually found 
in warmer and turbid waters. Amphora arenicola, Bacillaria paxillifer and Cerataulina 
pelagica are also characterized for being fresh water species (Cloern and Dufford 2005, 
Appendix B, see authors). Phytoplankton of shallow nearshore environments has been 
found to contain a large proportion of resuspended benthic microalgae (Shaffer and 
Sullivan 1988; Ann et al. 1997; Safi 2003). The amount of resuspension that occurs is 
dependent on the physical factors affecting sediment resuspension (local wind, waves and 
currents) and the size, morphology and behavioral characteristics of the algae present in 
the benthos (Stal 1994). Ahn et al. (1997), found that wind-driven resuspension of 
benthic forms was the major mechanism increasing diatom biomass in the water column. 
According to Patil (2003), freshwater discharges and wind driven upwelled water can 
generate currents capable to resuspend benthic microalgae from the sediments to the 
water column. Safi (2003) found that increased resuspended benthic microalgae 
correlated with high mean wind-driven current speed and high turbidity in shallow 
nearshore environments, where higher current flows allowed the cells to remain in the 
water column longer, giving them maximum exposure to higher mean light levels for 
growth. This type of microalga is known as a tychopelagic species whose life habit is to 
rely on currents which resuspend them from the benthic to pelagic environment (Safi 
2003). At stations 1 and 3, all these taxa were represented by large-size (>30 urn) 
species, where low surface area to volume ratio is an indication of nutrient-rich 
conditions (Margalef 1978). However, in general, these species were found in low 
numbers at the two sampling sites, which could be related with the very low values of 
Sechhi depth found at these stations. Increased wind-driven current speeds led to 
increased turbidity and lower phytoplankton biomasses (Cloern 1979). As reported in 
many turbid estuaries, light is likely to be an important limiting factor for phytoplankton 
and benthic algal growth in spite of the high nutrient availability (Cloern 1991; Safi 
2003). 
A different situation was observed at offshore stations 5 and 7 where the species 
that were detected exclusively at these sites were found in higher numbers and were 
related with clearer, cooler, saltier and nutrient rich waters typical of upwelled waters. 
These taxa were pelagic species that could have been brought into the area or benefited 
by the March and/or September upwelling events since they were seen only during times 
of upwelling. From this group, some species were found to appear during the first 
upwelling event. These species were the centric diatoms Chaetoceros atlanticus, 
Pseudosolenia calcar avis, Bacteriastrumfucatum, and the dinoflagellates 
(Gonyaulacales) Ceratium pentagonum, Goniodoma sphaericum and Gonyaulax milneri. 
The rest of the species were only found during the influence of the Humboldt Current in 
August-October into the bay. These taxa were the pennate diatom Pseudo-nitzschia 
lineola; the centric diatoms, Thqlassiosira subtilis, Stephanopyxis turris, Hemiaulus 
hauckii, Chaetoceros radicans, Chaetoceros compressus and Chaetoceros laciniosus, and 
the dinoflagellates (Gonyaulacales) Ceratium trichoceros, Corythodinium constrictum, 
Paleophalacroma verrucosum, (Dinophysales) Ornithocercus steinii, Ornithocercus 
splendidius, (Peridiniales) Blepharocysta splendor-maris and (Pyrocystales) Pyrocistis 
hamulus. Most of these taxa were characterized by medium size (between 20 and 50 urn) 
cells and all the diatoms formed chains (except Pseudosolenia calcar avis that was found 
solitary or in pairs). It has been suggested that chain forming is a strategy used by 
pelagic diatoms to regulate their buoyancy and to avoid sinking (Cloern and Dufford 
2005). Also by forming long chains and cell clusters, many diatoms avoid predation 
(Gomez et al. 2007). Given that the majority of these species were only seen during 
conditions typical of upwelled waters, these species could be used as bioindicators of 
those water masses. Indeed chain-forming diatoms, such as Chaetoceros spp., 
Thalassiosira spp., Pseudo-nitzschia spp., Rhizosolenia spp and dinoflagellates like 
Ceratium spp., Ornithocercus spp. and Pyrocistis spp., among others, have been reported 
by Gomez et al. (2007) and Thiel et al. (2007) as typical inhabitants of the Humbolt 
Current. 
Inter annual variability in phytoplankton populations 
It is clear that spatiotemporal patterns of distribution and seasonal succession 
were found to characterize the diatom/dinoflagellate assemblage in Tumaco Bay. 
However, periodically these patterns were disrupted by larger scale climatic fluctuations 
affecting the area such as El Nino and La Nina events. Along the Colombian Pacific 
coast, large interannual changes in sea surface temperature, depth of the thermocline and 
oxycline, sea level, and circulation patterns are related to the ENSO cycle, which impacts 
the phytoplankton community structure and productivity (Devis et al. 2002). The 
influence of ENSO on the communities of diatoms and dinoflagellates in Tumaco Bay 
led to some important observations: 1) diversity and abundance of the diatom community 
increased during La Nina episodes; 2) diversity and abundance of dinoflagellates 
increased during El Nino episodes, but under the caveats that precipitation and nutrients 
needed to be high; 3) harmful species and harmful algal blooms (HAB) increased during 
ENSO events; 4) communities recovered quickly after El Nino events. 
It has been suggested that conditions of low water temperature and high nutrient 
concentrations observed during La Nina, favored diatom growth, while dinoflagellates 
preferred conditions of high temperatures and low nutrient concentrations typical of El 
Nino (Devis et al. 2002; Garcia-Hansen and Malikov 2002). The results obtained in this 
research supported the statement that diatoms responded more positively to La Nina 
signal while dinoflagellates responded more positively to El Nino. However, high 
abundance values of dinoflagellates only happened under conditions of high runoff and 
high to moderate nutrient content. These observations support the findings discussed 
above in which diatoms responded more strongly to conditions typical of upwelled waters 
while dinoflagellates flourished in conditions of upwelling relaxation and high runoff. 
Indeed the highest abundances of dinoflagellates during El Nino were observed during 
the periods of maximum precipitation, high water temperature and high nutrient 
concentrations in the surface waters of the bay. When compare with normal conditions, 
77% of dinoflagellates increased their abundance during El Nino episodes and 9 new 
species were observed. In contrast, just 8% of the diatoms increased their numbers 
during these episodes, only two new species were found and 18 species were absent. 
Blooms of dinoflagellates were seen only during the highest peaks of precipitation 
observed during the strongest 1997-1998 El Nino event. Only Prorocentrum micans, 
Prorocentrum gracile and Gonyaulax sphaeroidea were found to bloom during all Nino 
events. High river runoff from heavy rainfall events has been found to trigger 
dinoflagellates blooms (Weise et al. 2002). The increased flow rate caused by riverine 
discharge can physically affect the phytoplankton community by either flushing the 
existing cells from the surface waters or by resuspending benthic microalgae or 
inoculating the accumulated seed stock (resting forms or cysts) from the bottom sediment 
along with nutrients, into the water column (Patil 2003). These conditions combined 
with prolonged periods of weak winds (<4 m-s-1) can favor the continued development of 
blooms (Weise et al. 2002). It is well known that the life cycle of many dinoflagellates 
involve resting stages that settle in response to poor growth conditions in the water 
column. Once formed, they sink to the sediment, where they remain as benthic stages 
serving as seed stock units until the conditions are favorable for the next bloom (Kim et 
al. 1990). 
The 1997-1998 El Nino was also characterized by the observation of 11 species 
that were not seen during normal conditions in the bay, for which they could be used as a 
possible bioindicators. These species had low abundances and were represented by the 
pelagic dinoflagellates Ceratium candelabrum, Ceratium massilense, Ceratium vulture, 
Gonyaulax spinifera, Plectodinium nucleovelatum, Prorocentrum dentatum, Pyrocistis 
lunula and Spiraulax joliffei, the benthic dinoflagellate Gambierdiscus toxicus, and the 
penphytic diatoms Cocconeis scutellum and Cymbella parva. Only two of these species 
(C. candelabrum and C. scutellum) were also seen during the other three El Nino events. 
The majority of these species have been reported as temperate and warm water species 
(Appendix B). New species of diatoms and dinoflagellates, especially warm water 
species observed during El Nino periods, have been reported by authors like Avaria and 
Munos (1987) and Chavez et al. (1999) along the coast of Chile and Peru. Chavez et al. 
(1999) and Thiel et al. (2007) suggested that a deeper thermocline and a stronger 
poleward transport due to El Nino appeared to favor smaller offshore organism as 
opposed to large coastal diatoms. On the other hand, the two species of diatoms (C. 
scutellum and C. parva) described as periphytic and freshwater species (Buric et al. 2004; 
Caput et al. 2005) were found only at inshore stations 1 and 3. Since these two species 
were found during the most intense rainfall events, it is possible that they were 
resuspended or transported into the waters of the bay by river runoff. Buric et al. (2004), 
suggested that the abundance of detached epiphytic cells would decrease downstream in 
an estuary, due to the absence of the host vegetation, so that they would rapidly sink and 
accumulate along the halocline, die in the strong gradient of salinity or continue to sink to 
the bottom. The rest of the species were seen more often at the intermediate and the 
offshore stations of the bay associated with more stable and stratified conditions; except 
for P. dentatum. This dinoflagellate was also found at inshore stations, where it could 
have been resuspended from the sediments, since it forms cyst (Kang 2008). It is clear 
that increased nutrients, due to river runoff plus conditions of high water temperature, 
lower salinity and stratification were some of the factors that seemed to benefit the 
growth of all these microalgae during El Nino periods in Tumaco Bay. According to 
Margalef (1978) marine environments with low turbulence and high nutrient inputs favor 
dinoflagellate growth. Dinoflagellates are known to have slower growth rates at low 
nutrient concentrations compared with many other algal groups. Thus in stable waters 
with relatively higher nutrient concentrations, dinoflagellates have a competitive growth 
advantage (Faust et al. 2005). 
Even though blooms of diatoms were not seen during El Nino episodes, the 
species of diatoms that were dominant during normal condition {Skeletonema costatum, 
Chaetoceros lorenzianus, C. curvisetu, C. affinis, C. peruvianus, Bacteriastrum 
hyalinum, Guinardia striata, and Thalassionema nitzschioides) remained the most 
important during El Nino, although in lower numbers. Significant declines in diatom 
productivity during the strong El Nino periods have been reported by Devis et al. (2001) 
and Lavaniegos et al. (2003). Still, moderate to low diatom productivity has been related 
with weak El Nino episodes, where some pelagic, warm-water diatoms, such as Nitzschia 
spp. and Thalassionema nitzschioides have been found to dominate throughout and 
maintain much of their regular seasonal cycle, independent of El Nino (Romero et al. 
2008). Both situations were observed in Tumaco Bay where the decrease in diatom 
abundance was accentuated during the strong 1997-1998 El Nino in comparison with the 
other three weak episodes. A similar pattern of variation was observed for the in situ and 
satellite chl a concentrations in the Panama Bight. Where chl a concentrations appeared 
slightly reduced during the weak El Nino events, while approximately 50% reduction in 
chlorophyll concentration was observed over the whole region during the strong 1997-
1998 El Nino event. According to NASA (2007) El Nino episodes can produce 
meteorological shifts causing more storms and rain over the U.S. west and southwest 
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coasts, which could change the timing and intensity of the high pressure systems between 
the Caribbean Sea and the Pacific, affecting the strength of the winds through the passes 
in the Central American mountains. If these winds were not as strong or as persistent as 
in normal years, the mixing in the water column would be decreased, leading to 
decreased concentrations of nutrients and to reduction in phytoplankton productivity, 
which is visible as chlorophyll concentration (NASA 2007). Another likely explanation, 
could be based on the oceanographic characteristics of El Nino events, where large 
amounts of warm water move from the western Pacific Ocean to the eastern Pacific 
Ocean affecting the deepening of the thermocline, and reducing the intensity of up welling 
over large areas of the Pacific; being the increased thermocline depth the primary cause 
of reduced productivity in the Pacific Ocean during an El Nino event (Tchantsev et al. 
2000; Ryan et al. 2002; NASA 2007). So if the thermocline depth was increased in the 
Panama Bight, even if the winds were just as strong as in non-El Nino years, the 
effectiveness of the mixing for bringing nutrients to the surface would be lessened. The 
cold subsurface waters with higher nutrient concentrations would lie deeper, requiring 
more wind energy to mix the water column and bring them to the surface causing a 
decreased in phytoplankton productivity (NASA 2007). 
The diatom community recovered at the first signs of El Nino relaxation to the 
point that blooms of all the species mentioned above plus Thalassionemafrauenfeldi, 
Chaetoceros didymus, Chaetoceros diversus, Hemiaulus sinensis, Paralia sulcata, 
Leptocylindrus danicus, Pseudo-nitzschia delicatissima and Pseudo-nitzschia subpaciflca 
were observed. Similar observations were made by Avaria and Munos (1987), who 
found that during the period that preceded the 1982-1983 El Nino event, the coastal 
phytoplankton of northern Chile consisted predominantly of blooming diatom species 
that Supported a large phytoplanktonic biomass. Chavez et al. (1999) and Ryan et al. 
(2002) described the appearance of large-scale blooms in the Eastern Equatorial Pacific 
after the strong 1997—1998 El Nino event. As stated by the authors these large-scale 
blooms occurred as the system changed from the severely nutrient depleted El Nino state 
to La Nina conditions. Chavez et al. (1999), McClain et al. (2002), Fiedler (2002) and 
Ryan et al. (2002) found that the biological response to the newly upwelled waters was 
immediate and intense, in the form of a sharp chlorophyll maximum right at the equator, 
causing nearly a 10% increased in global mean chlorophyll. According to Ryan et al. 
(2002), because the zooplankton populations had been submitted to food shortage and 
high mortality during the El Nino episode grazing pressure was low when upwelling was 
restored, and could not restrain the exponential growth of the phytoplankton. Indeed, in 
Tumaco Bay large blooms of the diatoms mentioned above also happened after the strong 
1997-1998 El Nino event and during La Nina periods, especially in the long lasting 
1998-2001 La Nina event. These blooms were consistent with high concentrations of in 
situ and satellite remote sensed chl a observed in the southern portion of the Colombian 
coast after the El Nino 97-98, and during La Nina episodes, particularly during February-
March of 2000 and 2001. Behrenfeld et al. (2001) found that during La Nina period of 
January 1999 to August 2000 SeaWIFS chl a concentrations increased at the rate of'2.2% 
per year, primarily reflecting increased phytoplankton biomass in the Pacific Ocean. In 
addition, Dandonneau et al. (2002) stated that tropical instability waves were 
exceptionally strong in January-March 2000, resulting in chlorophyll concentrations 
much higher than during the same period in 1999. This could explain the high values of 
chl a found by this study in the Panama Bight during February-March of 2000 and 
probably also during 2001. Compared with normal conditions 80% of diatoms increased 
their numbers during La Nina episodes and six new species appeared. Only 2% of 
dinoflagellates increased in abundance; three new species were found and 10 species did 
not appear. While blooms of dinoflagellates were totally absent during La Nina periods, 
more than 10% of the diatom community was responsible for the formation of blooms. 
An anomalously shallow thermocline developed during La Nina along the equator where 
different vertical processes enhanced nutrient supply from the shallow nutricline to the 
euphotic zone (Ryan et al. 2002). These factors, plus the combined influence of other 
parameters such as strong advection, high mixing rates, high light, high turbulence, high 
nutrient availability and low temperatures can favor the development of diatoms over 
other microalgae (Margalef 1978; Patil 2003). 
Nine species were observed exclusively during the long lasting 1998-2001 La 
Nina event. This finding showed once again that the presence of new species was related 
with the strongest events. Species scores of the microalgae that only appeared during the 
1998-2001 La Nina episode were displayed at the edge of the left-hand side of the CCA 
plot, while the species that only were seen during the 1997-1998 El Nino episode were 
displayed at the boundary of the upper right-hand side of the plot. In both cases they 
were responding to the extreme conditions brought into the area by each regime. This 
demonstrates that extreme conditions besides producing the disappearance or 
enhancement of certain species can also induce the appearance and development of new 
species. Thiel et al. (2007) found that El Nino events in northern Chile did not cause a 
dramatic decline in primary or zooplankton production but rather a shift in species 
composition, which affected trophic efficiency and interactions among higher-level 
consumers. Furthermore, the species that only appeared during these two events also 
responded to seasonality. The species exclusive to the 1997-1998 El Nino, all responded 
to the combine effect of El Nino and the RS (which was longer and stronger during this 
event starting in November 1997 and ending in June 1998). In contrast, some of the 
species exclusive to the 1998-2001 La Nina event (the diatoms, Leptocylindrus minimus, 
Chaetoceros seriacanthus, Chaetoceros decipiens, Pseudoguinardia recta and the 
dinoflagellates Oxytoxum minutum and Protoperidinium cerasus) responded to the 
combined effect of La Nina and the RS (where levels of precipitation were slightly lower 
to the ones obtained in the normal period). The rest of the species (the diatoms Toxarium 
undulatum and Coscinodiscus perforatus, and the dinoflagellate Gonyaulax diegensis) 
responded to La Nina and the DS. However, this behavior was not exclusive of these 
species. In some cases, genera with their entire set of species showed a strong response 
to the combined effects of seasonal and ENSO variability. This was the case for centric 
diatoms like Bacteriastrum, Chaetoceros, Gyclotella, the pennate diatoms Navicula, 
Pleurosigma and Pseudo-nitzschia, and the dinoflagellates Oxytoxum and Goniodoma 
that were strongly associated with the combine influence of the RS and La Nina episodes. 
Others like the dinoflagellates Gonyaulax, Prorocentrum, Ceratium and Gymnodinium 
were related with the RS and El Nino events. ENSO events can vary in intensity and so 
their impact on the phytoplankton communities, to the point, where individual species 
level or the whole community may be affected temporarily (due to water temperature, 
wave action, nutrient availability, etc), often resulting in differential elimination of 
particular species or groups of species while leaving others unaffected or favoring them 
(Tmel et al. 2007). As suggested by these authors, biological and physiological shifts 
occur at the phytoplankton species level in order to counteract the change in prevailing 
physical and chemical conditions in those areas affected by the influence of ENSO 
events. 
Species Responsible for HAB Formations in Tumaco Bay 
Harmful species increased in numbers in response to temporal variability, 
however, just few of them were responsible for the formation of HABs in Tumaco Bay. 
Most of the oxygen depleting species bloomed every single year in response to the 
seasons and some others only bloomed during La Nina events. The only toxic species 
found to cause red tides, were the diatoms Pseudo-nitzschia subpacifica and Pseudo-
nitzschia delicatissima, which bloomed during the strongest 1998-2001 La Nina regime. 
Both blooms happened when La Nina conditions were reinforced by the influence of the 
seasonal upwelling events. The first one took place on September-October 1999 and the 
second on April 2000 (which also coincided with the RS). In fact, as mentioned before, 
numerous studies have suggested that coastal upwelling and river runoff have been 
implicated as factors that may create physical and chemical conditions (e.g., high nutrient 
concentrations, changes in temperature, water circulation) that are conducive to promote 
phytoplankton blooms (Trainer et al. 2000; Kudela et al. 2005; Spatharis et al. 2008). 
Variations in water temperature and concentration of nutrients can cause changes in 
abundance, diversity, and spatial distribution of phytoplankton communities and increase 
toxic phytoplankton species and harmful algae blooms in different regions of the ocean 
(Karl et al. 1995; Suzuki et al. 1997; Devis et al. 2002). The appearance and increase of 
toxic dinoflagellate species of Alexandrium, Pyrodinium and Gymnodinium, and the 
diatom species of Pseudo-nitzschia, among others, have been associated with the 
occurrence of ENSO events in other areas of the Colombian Pacific Ocean (Devis et al. 
2002; Garcia-Hansen and Malikov 2002; Cortez-Altamirano et al. 2003; Garcia-Hansen 
et al. 2004). As stated by Molinero et al. (2006) strong environmental changes in marine 
ecosystems due to seasonal or interannual variability affect not only the abundance of 
phytoplankton populations, but also their size, structure, composition and even their 
toxicity in case of the toxic species, which have important implications for ecological 
interactions and coupling between low and high trophic levels. However, whether the 
blooms of Pseudo-nitzschia were toxic or not remains unknown, since none apparent 
incidents were linked to these blooms in Tumaco Bay, and given that toxicity analysis 
were not conducted. 
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CHAPTER VI 
CONCLUSIONS 
• A total of 134 species of diatoms that belong to 57 genera, and 78 species of 
dinoflagellates that belong to 25 genera were identified during this research. The 
diatom community was the dominant group in the waters of the bay, being the most 
abundant with the greatest number of species observed. The most important species 
was the centric diatom Skeletonema costatum. 
• Spatiotemporal variability in the diatom and dinoflagellate community structure in 
Tumaco Bay was related clearly to seasonal and interannual variability in 
environmental conditions due to the migration of the ITZC and the influence of 
ENSO events. Strong variations in parameters like precipitation, temperature, 
nutrient concentrations and Secchi depth correlated predominantly with diatom and 
dinoflagellate community structure. 
• The results obtained in this research supported the hypothesis that the diatom 
community responded positively to decreases in water temperature and increases in 
nutrient concentrations, while the dinoflagellate community responded positively to 
increase in water temperature. However, it failed to support the prediction that the 
dinoflagellate community would benefit less by increased in nutrients. 
• Diatoms and dinoflagellates were never found to bloom at the same time in Tumaco 
Bay. Blooms of diatoms were always followed by blooms of dinoflagellates. 
Diatoms dominated under conditions of low water temperature and high nutrient 
concentrations, while dinoflagellates dominated under conditions of moderate to high 
concentrations of nutrients and high water temperatures. 
The presence of warm waters depleted in nutrients, as observed during most of the 
DS and part of El Nino events, did not favor either community. These observation 
made possible the suggestion that changes in water temperature or variations in 
nutrients themselves were not the single causative factor of diatom or dinoflagellate 
growth, but the combined effect of both was most important. 
Increases in abundance and diversity of the diatom community were clearly related 
with upwelling processes in Tumaco Bay. Blooms of Skeletonema costatum, 
Chaetoceros lorenzianus, C. curvisetu, C. affinis, C. peruvianus and Bacteriastrum 
hyalinum, among others, were always observed during the seasonal upwelling events 
and during La Nina episodes. 
Increases in abundance and diversity of the dinoflagellate community were associated 
with periods of upwelling relaxation and high runoff. Blooms of Prorocentrum 
micans, Gonyaulax sphaeroidea, Scrippsiella trochoidea and Prorocentrum gracile 
were always observed during the end of the RS/beginning of the warm phase and 
during the strongest conditions of El Nino events. 
Seasonal patterns of species abundance, or succession, were found in Tumaco Bay. 
The dominancy of groups, and the disappearance and reappearance of some of the 
genera (with their entire set of species) was a cyclic event related with the seasons. 
These patterns were disrupted by ENSO events. 
Compared with normal conditions, 77% of dinoflagellates and only 2% of diatoms 
increased in abundance during El Nino episodes. In contrast, during La Nina 
episodes, 80% of diatoms and just 8% of dinoflagellates increased in abundance. 
While blooms of dinoflagellates were totally absent during La Nina periods, more 
than 10% of the diatom community bloomed. 
The appearance of new species occurred during the strongest ENSO events (9 spp. 
during the long lasting 1998-2001 La Nina event and 11 spp. during the strongest 
1997-1998 El Nino event). This demonstrates that extreme conditions, besides 
producing the disappearance or enhancement of certain species, can also induce the 
appearance and development of new species. These species could be used as 
indicators of environmental change. These findings supported the hypothesis that 
variations in the structure of the phytoplankton community could be used as an 
indicator of climate change. 
Harmful species increased in numbers in response to temporal variability in 
environmental conditions. However, just few of them were responsible for the 
formation of HABs in Tumaco Bay. Oxygen depleting species like Skeletonema 
costatum, Chaetoceros curvisetus, Chaetoceros peruvianus, bloomed every year in 
response to the seasonal up welling events and during La Nina. Coscinodiscus 
centralis and Leptocylindrus minimus, bloomed only during La Nina events. 
Prorocentrum micans, bloomed during the RS/warm phase and El Nino events. 
Toxic species like Pseudo-nitzschia subpacifica and Pseudo-nitzschia delicatissima, 
only bloomed during the strongest 1998-2001 La Nina regime. 
This study verified the hypothesis that gradients in environmental variables determine 
the distribution of diatoms and dinoflagellates throughout Tumaco Bay. It also 
verified the hypothesis that diatoms prefer coastal waters with higher concentration of 
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nutrients. However, it failed to support the prediction that dinoflagellates prefer 
oceanic waters poor in nutrients. 
• Although phytoplankton populations differed more between seasons than between 
stations, many species responded to the environmental conditions that characterized 
the different sites from where they were collected. In general within the bay, diatom 
and dinoflagellate abundances were similar and several times higher at the nearshore 
stations 1 and 3, associated with high nutrient concentrations. Important decreases in 
abundance were observed at the offshore stations 5, 7 and 8, characterized by lower 
concentrations of nutrients. 
• The results obtained from the in situ and satellite remote sensed chl a concentrations 
helped to verify the hypothesis that chl a concentration and distribution in Tumaco 
Bay and surrounding waters varied in response to changes in the ITCZ and ENSO 
events. Increased chl a concentrations along the coast and at the oceanic part of the 
Panama Bight was associated with seasonal upwelling events and with La Nina 
episodes. In contrast, low concentrations of chl a were related with upwelling 
relaxation and with El Nino episodes. 
• Considering that La Nina events led to significantly increased concentration of chl a 
and favored the development of diatoms (which were found to dominate the 
diatom/dinoflagellate assemblage in the bay), it can be say that La Nina periods could 
be considered the most productive times in Tumaco Bay. Even though variability in 
other algal groups, such as chlorophytes and cyanoblacteria, in the bay is unknown, 
this assumption can be sustained if taking into account, that La Nina conditions have 
also been found to benefit other microorganisms like Synechococcus, chlorophytes 
and picoeukaryotes in the Eastern Pacific (Blanchot et al. 1992; Mackey et al. 2000). 
Suggestion 
This research could not have been possible without the existence of this 
invaluable data set. I strongly suggest that the CCCP of the Maritime Directorate 
(DIMAR) should reinforce and maintain the collection of this important long-term time 
series. Discontinuing this monitoring could seriously affect the data analysis and the 
explanatory power of this time series. Numerous authors agreed that all existing long-
time series of phytoplankton are extremely useful in trying to evaluate changes in higher 
trophic levels (i.e. grazer populations) and climate changes (Estrada and Blasco (1979; 
Tont 1981; Montecino et al. 2005; Teira et al. 2005; Cloern and Dufford 2005; Michisaki 
et al. 2005). Clearly, sampling efforts need to be increased and maintained in order to 
obtain higher resolution, both temporally and spatially to fully characterize the seasonal 
phytoplankton dynamics and primary production in this important area of the ocean. 
According to Cloern and Dufford (2005), species-level studies are required to build the 
foundation for constructing models of pelagic community responses under plausible 
scenarios of environmental change through nutrient enrichment, introductions of alien 
species, hydrologic manipulations, and global warming. 
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APPENDIX A 
DISPLACEMENT OF THE INTERTROPICAL CONVERGENCE ZONE (ITCZ) ON THE 
PACIFIC COAST OF COLOMBIA (BLUE LINE). RED ARROWS INDICATE WIND 
DIRECTION. FROM DEVIS ET AL. (2002). ADAPTED WITH PERMISSION OF THE 
AUTHORS. 
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TAXONOMY OF DIATOMS FOUND IN TUMACO BAY FROM 1995 TO 2005. BASED ON 
LAST TAXONOMIC REVISION MADE IN 2008 BY ALGAEBASE 
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(WWW.CATALOGUEOFLIFE.ORG). 
Kingdom Plantae — Planta, plantes, plants, vegetal 
Subkingdom Chromista 
Phylum Ochrophyta 
Subphylum Bacillariophyta — diatomees, diatoms 
Class Bacillariophyceae 
Order Achnanthales Silva 
Family Achnanthaceae Kiitz. 
Genus Achnanthes Bory 
Species Achnanthes longipes (C. Agardh 1824) 
Family Cocconeidaceae Kiitz. 
Genus Cocconeis Ehrenberg 
Species Cocconeis scutellum (Ehrenberg 1838) 
Order Bacillariales Hendey 
Family Bacillariaceae Ehrenb 
Genus Bacillaria Gmelin 
Species Bacillariapaxillifera (O. F. Mull.) Hendy 
Genus Cylindrotheca Rabenh. 
Species Cylindrotheca closterium (Ehrenb) Lewin & Reimann 
1964 
Genus Nitzschia Hass. 
Species Nitzschia angularis (W. Smith 1853) 
Species Nitzschia bicapitata (Cleve 1901) 
Species Nitzschia brevirostris (Hustedt) 
Species Nitzschia lanceolata (W. Smith) 
Species Nitzschia longissima (Breb) Ralfs 1861 
Species Nitzschia obtusa (W. Smith 1853) 
Species Nitzschia recta (Hantzsch) 
Species Nitzschia sigma (Kiitzing.) W. Smith 1853. 
Genus Pseudo-nitzschia H. Perag & Perag. 
Species Pseudo-nitzschia delicatissima (Hasle) Hasle 1928 
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Species Pseudo-nitzschia lineola (Cleve) Hasle 1965 
Species Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle 
1965 
Species Pseudo-nitzschia seriata (Cleve) H. Perag. 1908 
Species Pseudo-nitzschia subpacifica (Hasle 1993) 
Order Cymbellales D. G. Mann 
Family Cymbellaceae Grev. 
Genus Cymbella C. A. Agardh 
Species Cymbella parva (W. Smith) Cleve 
Order Naviculales Bessey 
Family Diploneidaceae D. G. Mann 
Genus Diploneis Ehrenberg ex Cleve 
Species Diploneis bombus (Ehrenberg 1894) 
Species Diploneis didyma (F. W. Mills) 
Family Naviculaceae Kiitz. 
Genus Haslea Simonsen 
Species Haslea wawrikae (Hust.) Simonsen 1974 
Genus Meuniera P. C. Silva 
Species Meuniera membranacea (Cleve) P. C. Silva 1990 
Genus Navicula Bory 
Species Navicula cancellata (Donkin 1873) 
Species Navicula delicatula (Cleve) 
Species Navicula directa (W. Smith) Ralfs 1861 
Species Navicula transitans var. derasa (Cleve 1883) 
Genus Tropidoneis 
Species Tropidoneis lepidoptera (Gregory) Cleve 1894 
Family Pleurosigmataceae Mersechk 
Genus Pleurosigma W. Smith 
Species Pleurosigma angulatum (Quekett 1848) W. Smith 1853 
Species Pleurosigma directum (Grunow 1880) 
Species Pleurosigma nicobaricum 
Species Pleurosigma normanii (Ralfs 1861) 
Family Stauroneidaceae D. G. Mann 
Genus Stauroneis Ehrenberg 
Species Stauroneis gracilis (Ehrenb) 
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Order Surirellales D. G. Mann 
Family Surirellaceae Kutz. 
Genus Surirella Turp. 
Species Surirellafastuosa (Ehrenberg) 
Order Thalassiophysales D. G. Mann 
Family Catenulaceae Mersechk. 
Genus Amphora Ehrenberg ex Kiitzing 
Species Amphora arenicola (Grunow 1895) 
Species Amphora lineolata (Ehrenberg 1838) 
Order Not assigned to an order 
Family Not assigned to a family 
Genus Asteroplanus 
Species Asteroplanus karianus (Grunow) Gardner & Crawford 
Genus Pseudoguinardia 
Species Pseudoguinardia recta (von Stosch 1986) 
Class Coscinodiscophyceae 
Order Asterolamprales Round and Crawford 
Family Asterolampraceae Smith 
Genus Asteromphalus Ehrenberg 
Species Asteromphalus brookei (J. W. Bailey 1856) 
Species Asteromphalus elegans (Greville 1859) 
Species Asteromphalus heptactis (Brebisson) Ralfs 1861 
Order Biddulphiales Krieger 
Family Biddulphiaceae Kiitz. 
Genus Biddulphia S. F. Gray 1821 
Species Biddulphia alternans (J.W. Bailey) Van Heurck 1885 
Species Biddulphia membranacea (P.T. Cleve) 
Genus Eucampia Ehrenberg 
Species Eucampia biconcava (P.T. Cleve) Ostenfeld 
Species Eucampia cornuta (Cleve) Grunow 
Order Chaetocerotales Round and Crawford 
Family Chaetocerotaceae Ralfs in Pritchard 
Genus Bacteriastrum Shadbolt 
Species Bacteriastrum delicatulum (Cleve 1897) 
Species Bacteriastrum elegans (J. Pavillard) 
Species Bacteriastrum elongatum (Cleve 1897) 
Species Bacteriastrum furcatum (Shadbolt 1854) 
Species Bacteriastrum hyalinum (Lauder 1864) 
Genus Chaetoceros Ehrenberg 
Species Chaetoceros aequatorialis (Cleve 1873) 
Species Chaetoceros qffinis (Lauder 1864) 
Species Chaetoceros atlanticum (Cleve 1873) 
Species Chaetoceros cinctus (Gran 1897) 
Species Chaetoceros compressus (Lauder 1864) 
Species Chaetoceros costatus (Pavilard 1911) 
Species Chaetoceros curvisetus (Cleve 1889) 
Species Chaetoceros decipiens (Cleve 1873) 
Species Chaetoceros dichaetus (Ehrenberg 1844) 
Species Chaetoceros didymus (Ehrenberg 1845) 
Species Chaetoceros diversus (Cleve 1873) 
Species Chaetoceros eibenii (Grunow in Van Heurck 1880-5) 
Species Chaetoceros laciniosus (Schutt 1895) 
Species Chaetoceros lorenzianus (Grunow 1863) 
Species Chaetoceros peruvianus (Brightwell) 
Species Chaetoceros radicans (Schutt 1895) 
Species Chaetoceros seiracanthus (Gran 1897) 
Species Chaetoceros socialis (Lauder 1864) 
Order Corethrales Round and Crawford 
Family Corethraceae Lebour 
Genus Corethron Castracane 
Species Corethron criophilum (Castracane 1886) 
Order Coscinodiscales Round and Crawford 
Family Coscinodiscaceae Kiitz. 
Genus Coscinodiscus Ehrenberg 
Species Coscinodiscus centralis (Ehrenberg 1844) 
Species Coscinodiscus concinnus (Wm. Smith 1856) 
Species Coscinodiscus curvatulus (Grunow 1878) 
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Species Coscinodiscus excentricus (Ehrenberg 1839) 
Species Coscinodiscus grawn (Grough 1905) 
Species Coscinodiscus marginatus (Ehrenberg 1841) 
Species Coscinodiscus nitidus (W. Gregory 1857) 
Species Coscinodiscus perforatus (Ehrenberg 1844) 
Species Coscinodiscus radiatus (Ehrenberg 1841) 
Family Gossleriellaceae 
Genus Gossleriella Schiitt 
Species Gossleriella tropica (Schiitt 1893) 
Family Heliopeltaceae Smith 
Genus Actinoptychus Ehrenberg 
Species Actinoptychus senarius (Ehrenberg 1843) 
Family Hemidiscaceae Hendey 
Genus Azpeitia Peragallo 
Species Azpeitia nodulifera (A.W.F. Schmidt) 
Genus Hemidiscus Wallich 
Species Hemidiscus cuneiformis (Wallich 1860) 
Order Hemiaulales Round and Crawford 
Family Hemiaulaceae Heiberg 
Genus Cerataulina Peragallo 
Species Cerataulina bicornis (Ehrenberg) Hasle 1985 
Species Cerataulina pelagica (Cleve) Hendey 193 7 
Genus Climacodium Grunow 
Species Climacodium frauenfeldianum (Grunow 1868) 
Genus Hemiaulus Ehrenberg 
Species Hemiaulus hauckii (Grunow 1882) 
SpeciesHemiaulus membranaceus (Cleve) 
Species Hemiaulus sinensis (Greville 1865) 
Order Leptocylindrales 
Family Leptocylindraceae Lebour 
Genus Leptocylindrus Cleve in C. G. J. Petersen 
Species Leptocylindrus danicus (Cleve 1889) 
Species Leptocylindrus mediterraneus (H. Peragallo) Hasle 1975 
Species Leptocylindrus minimus (Gran 1915) 
Order Lithodesmiales Round and Crawford 
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Family Lithodesmiaceae Round 
Genus Ditylum J. W. Bailey 
Species Ditylum brightwellii (T. West) Grunow 1883 
Genus Lithodesmium Ehrenb. 
Species Lithodesmium undulatum (Ehrenberg 1841) 
Order Melosirales Crawford 
Family Melosiraceae Kiitz. 
Genus Helicotheca KicarA 1987 
Species Helicotheca tamesis (Shrubsole) Ricard 1987 
Genus Melosira C. A. Agardh 
Species Melosira jurgensii (Agardh 1824) 
Genus Pyxidicula 
Species Pyxidicula cruciata (Ehrenberg 183 8) 
Family Stephanopyxidaceae Nikolaev 
Genus Stephanopyxis C. G. Ehrenb. 
Species Stephanopyxis palmeriana (Greville) Grunow 1884 
Species Stephanopyxis turris (Greville) Ralfs ex Pritchard 1861 
Order Paraliales Crawford 
Family Paraliaceae Crawford 
Genus Paralia Heiberg 
Species Paralia sulcata (Ehrenberg) Cleve 1873 
Order Rhizosoleniales Silva 
Family Rhizosoleniaceae Petit 
Genus Dactyliosolen Castracane 
Species Dactyliosolen antarcticus (Castracane 1886) 
Species Dactyliosolen fragilissimus (Bergon) Hasle 1991 
Genus Guinardia H. Perag. 
Species Guinardia delicatula (Cleve) G.R. Hasle 1997 
Species Guinardia flaccida (Castracane) H. Perag 1892 
Species Guinardia striata (Stolterfoth) G.R. Hasle 1997 
Genus Neocalyptrella 
Species Neocalyptrella robusta (G. Norman ex Ralfs) 
Genus Proboscia Sundstrom 
Species Proboscia alata (Brightwell) Sundstrom 1986 
Genus Pseudosolenia 
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Species Pseudosolenia calcar-avis (Schultze) Sundstrom 
Genus Rhizosolenia Ehrenberg 
Species Rhizosolenia bergonii (H. Peragallo 1892) 
Species Rhizosolenia castracanei (H. Peragallo 1888) 
Species Rhizosolenia hebetata (J.W.Bailey 1856) 
Species Rhizosolenia hyalina (Ostenfeld 1901) 
Species Rhizosolenia imbricata (Brightwell 1858) 
Species Rhizosolenia pugens (Cleve-Euler) 
Species Rhizosolenia setigera (Brightwell 1858) 
Order Thalassiosirales Glezer and Makarova 
Family Lauderiaceae (Schutt) Lemmermann 
Genus Lauderia Cleve 
Species Lauderia annulata (Cleve 1873) 
Family Skeletonemaceae Lebour 
Genus Skeletonema Greville 
Species Skeletonema costatum (Greville) Cleve 1878 
Family Stephanodiscaceae Glezer and Makarova 
Genus Cyclotella (Kiitz.) de Brebisson 
Species Cyclotella meneghiniana (Kiitz 1844) 
Species Cyclotella striata (Kiitz) Grunow 1880 
Family Thalassiosiraceae Lebour 
Genus Detonula 
Species Detonula confervacea (Cleve) Gran 1900 
Genus Thalassiosira P. T. Cleve 
Species Thalassiosira anguste-lineata (Schmidt) Fryxell & Hasle 
1977 
Species Thalassiosira leptopus (Hasle & G. Fryxell 1977) 
Species Thalassiosira pacifica (Gran & Angst 1931) 
Species Thalassiosira subtilis (Ostenfeld) Gran 1900 
Order Triceratiales Round and Crawford 
Family Triceratiaceae (Schutt) Lemmermann 
Genus Odontella C. A. Agardh 1832 
Species Odontella aurita(Lyngb.) C. Agardh 1832 
Species Odontella longicruris (Greville) Hoban 1983 
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Species Odontella mobilensis (J. W. Bailey) Grunow 
Species Odontella regia (Schultze) Simonsen 1974 
Species Odontella sinensis (Greville) Grunow 1884 
Genus Triceratium Ehrenberg 
Species Triceratiumfavus (Ehrenberg 1840) 
Class Fragilariophyceae 
Order Fragilariales Silva 
Family Fragilariaceae Greville 
Genus Asterionellopsis Round in Round et al. 
Species Asterionellopsis glacialis (Castracane) Round 1990 
Order Thalassionematales Round 
Family Thalassionemataceae Round 
Genus Lioloma 
Species Liolomapaciflcum (E. Cupp) G.R. Hasle 
Genus Thalassionema Grunow ex Hustedt 
Species Thalassionemafrauenfeldii (Grunow) Hallegraeff 1986 
Species Thalassionema nitzschioides (Grunow 1862) Van 
Heurckl896 
Genus Thalassiothrix Cleve and Grunow 
Species Thalassiothrix heteromorpha (Karsten 1907) 
Species Thalassiothrix mediterranea (E. Cupp 1943) 
Order Toxariales 
Family Toxariaceae 
Genus Toxarium 
Species Toxarium undulatum (J.W. Bailey 1854) 
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TAXONOMY OF DINOFLAGELLATES FOUND IN TUMACO BAY FROM 1995 TO 2005. 
BASED ON LAST TAXONOMIC REVISION MADE IN 2008 BY ALGAEBASE 
(WWW.ALGAEBASE.ORG) AND CATALOGUE OF LIFE 
(WWW.CATALOGUEOFLIFE.ORG). 
Kingdom Protozoa 
Subkingdom Biciliata 
Phylum Dinophyta 
Subphylum Dinozoa 
Class Dinophyceae 
Order Dinophysiales Lindemann 1928 
Family Dinophysiaceae Stein 1883 
Genus Dinophysis Ehrenberg 1839 
Species Dinophysis acuminata (Claparede and Lachmann 1859) 
Species Dinophysis caudata (Saville-Kent 1881) 
Species Dinophysis ovum (Schiitt 1895) 
Genus Ornithocercus Stein 1883 
Species Ornithocercus splendidus (Schiitt 1893) 
Species Ornithocercus steinii (Schiitt 1900) 
Order Gonyaulacales Taylor 1980 
Family Ceratiaceae Lindemann 1928 
Genus Ceratium Schrank 1793 
Species Ceratium candelabrum (Ehrenberg 1860) Stein 1883 
Species Ceratium extensum (Gourret) Cleve 1901 
Species Ceratium falcatiforme (Jorgensen 1920) 
Species Ceratium furca (Ehrenberg) Claparede & Lachmann 
1859 
Species Ceratium Jusus (Ehrenberg) Dujardin 1841 
Species Ceratium kqfoidii (E.G. Jorgensen 1911) 
Species Ceratium macroceros (Ehrenberg) Vanhoffen 1897 
Species Ceratium massiliense (Gourret) E.G. Jorgensen 1911 
Species Ceratium pentagonum (Gourret 1883) 
Species Ceratium trichoceros (Ehrenberg) Kofoid 1908 
Species Ceratium tripos (O. F. Miiller) Nitzsch 1817 
Species Ceratium vultur (Cleve 1900) 
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Family Ceratocoryaceae Lindemann 1928 
Genus Ceratocorys F. Stein 1883 
Species Ceratocorys horrida (F. Stein 1883) 
Family Cladopyxidaceae Stein emend. Balech 
Genus Palaeophalacroma Schiller 1928 
Species Palaeophalacroma verrucosa (Schiller 1928) 
Family Goniodomataceae Lindemann 1928 
Genus Gambierdiscus Adachi and Fukuyo 1979 
Species Gambierdiscus toxicus (Adachi and Fukuyo 1979) 
Genus Goniodoma Stein 1883 
Species Goniodoma polyedricum (Pouchet) Jorgensen 1899 
Species Goniodoma sphaericum (Murray & Whitting 1899) 
Family Gonyaulacaceae Er. Lindem. 
Genus Alexandrium Halim 1960 
Species Alexandrium tropicale (E. Balech 1985) 
Genus Gonyaulax Diesing 
Species Gonyaulax diegensis (Kofoid 1911) 
Species Gonyaulax fragilis (Schiitt) Kofoid 1911 
Species Gonyaulax milneri (Murray & Whitting) Kofoid 1911 
Species Gonyaulax pacifica (Kofoid 1907) 
Species Gonyaulax polygramma (Stein 1883) 
Species Gonyaulax sousae (Balech 1959) 
Species Gonyaulax sphaeroidea (Kofoid 1911) 
Species Gonyaulax spinifera (Claparede & Lachmann) Diesing 
1866 
Species Gonyaulax turbynei (Murray & Whitting 1899) 
Genus Lingulodinium D. Wall 
Species Lingulodiniumpolyedrum (F. Stein) J.D. Dodge 1989 
Genus Spiraulax 
Species Spiraulax jolijfei (Murray & Whitting) Kofoid 
Family Oxytoxaceae Lindemann 1928 
Genus Corythodinium Loeblich Jr. et Loeblich III 1966 
Species Corythodinium constrictum (Stein) F.J.R. Taylor 1976 
Genus Oxytoxum Stein 1883 
Species Oxytoxum longiceps (Schiller) 
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Species Oxytoxum mediterraneum (Schiller) 
Species Oxytoxum minutum (Rampi 1941) 
Species Oxytoxum ovum (Gaarder 1954) 
Species Oxytoxum sceptrum (Stein) Schroder 1906 
Species Oxytoxum scolopax (Stein 1883) 
Species Oxytoxum turbo (Kofoid 1907) 
Family Pyrophacaceae Lindemann 1928 
Genus Pyrophacus Stein 1883 
Species Pyrophacus steinii (Schiller) Wall & Dale 1971 
Order Gymnodiniales Lemmermann 1910 
Family Gymnodiniaceae Lankester 1885 
Genus Gymnodinium Stein 1878 
Species Gymnodinium catenatum (L.W. Graham 1943) 
Species Gymnodinium sanguineum (K. Hirasaka 1922) 
Genus Plectodinium Biecheler 
Species Plectodinium nucleovolvatum (Biecheler 1934) 
Order Peridiniales Haeckel 1894 
Family Peridiniaceae J.P. Bujak & E.H. Davies 
Genus Diplopelta Stein and Jorgensen 1912 
Species Diplopelta asymmetrica (Mangin) E. Balech 
Genus Heterocapsa Stein 1883 
Species Heterocapsa niei (Loeblich III) Morrill & Loeblich III 
1981 
Genus Scrippsiella Balech ex Loeblich III 1965 
Species Scrippsiella trochoidea (Stein) Balech ex Loeblich III 
1965 
Family Podolampaceae Lindemann 1928 
Genus Blepharocysta Ehrenberg 1873 
Species Blepharocysta splendor-maris (Ehrenberg) Ehrenberg 
1873 
Genus Podolampas Stein 1883 
Species Podolampas bipes (Stein 1883) 
Species Podolampaspalmipes (Stein 1883) 
Family Protoperidinaceae Taylor 1987 
Genus Preperidinium Mangin 
Species Preperidinium meunieri (Pavillard) Elbrachter 1993 
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Genus Protoperidinium Bergh 1881 
Species Protoperidinium abei (Paulsen) Balech 1974 
Species Protoperidinium brevipes (Paulsen) Balech 1974 
Species Protoperidinium brochii (Kofoid & Swezy) Balech 
Species Protoperidinium cerasus (Paulsen) Balech 1973 
Species Protoperidinium claudicans (Paulsen) Balech 1974 
Species Protoperidinium conicum (Gran) Balech 1974 
Species Protoperidinium depressum (Bailey) Balech 1974 
Species Protoperidinium divergens (Ehrenberg) Balech 1974 
Species Protoperidinium excentricum (Paulsen) Balech 1974 
Species Protoperidinium elegans (Cleve) Balech 1974 
Species Protoperidinium oceanicum (VanHoffen) Balech 1974 
Species Protoperidinium ovum (Schiller) Balech 1974 
Species Protoperidinium pentagonum (Gran) Balech 1974: 59 
Species Protoperidinium sphaericum (Murray & Whitting) 
Balech 1974 
Species Protoperidinium steinii (Jorgensen) Balech 1974 
Species Protoperidinium subpyriforme (P. Dangeard) Balech 
1974 
Order Prorocentrales Lemmermann 1910 
Family Prorocentraceae Stein 1883 
Genus Prorocentrum Ehrenberg 1833 
Species Prorocentrum arcuatum (Issel 1928) 
Species Prorocentrum compressum (Bailey) Abe ex Dodge 1975 
Species Prorocentrum dentatum (Stein 1883) 
Species Prorocentrum gracile (Schiitt 1895) 
Species Prorocentrum micans (Ehrenberg 1833) 
Species Prorocentrum minimum (Pavillard) J. Schiller 1933 
Order Pyrocystales Apstein 
Family Pyrocystaceae (Schiitt) Lemmermann 1899 
Genus Pyrocystis (Schiitt) Lemmermann 1899 
Species Pyrocystis hamulus (Cleve 1900) 
Species Pyrocystis lunula (Schiitt 1896) 
Species Pyrocystis noctiluca (Murray ex Haeckel 1890) 
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APPENDIX E 
ABUNDANCE VALUES OF DIATOMS AND DINOFLAGELLATES DURING THE 
NORMAL REGIME ORGANIZED BY SEASON. RS = RAINY SEASON AND DR = DRY 
SEASON. ALL THE SPECIES HAVE A CODE NAME THAT HAS BEEN USED IN THE 
CCA PLOTS. FOR EACH CATEGORY SPECIES WERE ORGANIZED FROM HIGH TO 
LOW ABUNDANCE. 
DIATOMS CODE ABUNDANCE 
Cells/ml 
SP ONLY OCCURRED IN RAINY SEASON 
Coscinodiscus centralis 
Detonula confervacea 
Asterionellopsis glacialis 
Thalassiothrix mediterranea 
Naviculaf. delicatula 
Navicula cancellata 
Cerataulina bicornis 
Lioloma pacificum 
Asteromphalus elegans 
Azpeitia nodulifera 
Chaetoceros socialis 
Rhizosolenia hyalina 
Pleurosigma normanii 
Bacillaria paxillifer 
Cyclotella meneghiniana 
Stephanopyxis palmeriana 
Pleurosigma directum 
Cyclotella striata 
Odontella aurita 
Odontella longicruris 
Nitzschia sigma 
Amphora lineolata 
Bacteriastrum delicatulum 
Cerataulina pelagica 
Coscinodiscus curvatulus 
Achnanthes longipes 
Chaetoceros atlanticus 
Gossleriella tropica 
Actinoptychus senarius 
Diploneis didyma 
Nitzschia lanceolata 
Asteromphalus brookei 
Hemidiscus cuneiformis 
Nitzschia obtusa 
Cos cen 
Det con 
Ast gla 
Thai med 
Nov del 
Nov can 
Cer bic 
Liopac 
Ast ele 
Azp nod 
Cha soc 
Rhi hya 
Pie nor 
Bacpax 
Cyc men 
Stepal 
Pie dir 
Cycstr 
Odo aur 
Odo Ion 
Nit sig 
Amp lin 
Bac del 
Cer pel 
Cos cur 
Ach Ion 
Chaatl 
Gostro 
Act sen 
Dip did 
Nit Ian 
Ast bro 
Hem cun 
Nit obt 
RS 
198 
115 
83 
70 
67 
53 
48 
46 
42 
39 
38 
38 
34 
32 
22 
22 
20 
18 
14 
10 
10 
8 
7 
7 
6 
4 
4 
4 
3 
3 
3 
2 
2 
2 
DS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ABUND INCREASED IN RAINY SEASON RS DS 
Skeletonema costatum She cos 1612 787 
Chaetoceros lorenzianus Cha lor 682 218 
Chaetoceros curvisetus Cha cur 540 210 
Chaetoceros qffinis Cha off 486 80 
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Chaetoceros peruvianas 
Bacteriastrum hyalinum 
Guinardia striata 
Chaetoceros didymus 
Proboscia alata 
Thalassionemafrauenfeldi 
Dityllum brightwelli 
Chaetoceros diversus 
Coscinodiscus eccentricus 
Chaetoceros cinctus 
Thalassiosira anguste - lineata 
Nitzschia angularis 
Thalassiothrix heteromorpha 
Rhizosolenia setigera 
Navicula directa 
Leptocylindrus danicus 
Coscinodiscus nitidus 
Guinardia flaccida 
Pseudo-nitzschia subpacifica 
Pseudo-nitzschia delicatissima 
Lithodesmium undulatum 
Meuniera membranacea 
Odontella sinensis 
Biddulphia alternans 
Eucampia cornuta 
Rhizosolenia imbricata 
Coscinodiscus granii 
Bacteriastrum elongatum 
Pleurosigma angulatum 
Coscinodiscus radiatus 
Par alia sulcata 
Coscinodiscus marginatus 
Pleurosigma nicobaricum 
Asteromphalus heptactis 
Navicula transitans var derasa 
Cylindrotheca closterium 
Amphora arenicola 
Rhizosolenia pungens 
Biddulphia membranacea 
Rhizosolenia hebetata 
Thalassiosira subtilis 
SP ONLY OCCURRED IN DRAY SEASOI 
Stephanopyxis turris 
ABUND INCREASED IN DRAY SEASON 
Chaetoceros radicans 
Chaetoceros compressus 
Chaper 
Bac hya 
Gui str 
Cha did 
Pro ala 
Thafra 
Dit bri 
Cha div 
Cos ecc 
Cha cin 
Tha ang lin 
Nit ang 
Thai het 
Rhi set 
Nov dir 
Lep dan 
Cos nit 
Guifla 
Pse sub 
Pse del 
Lit und 
Meu mem 
Odo sin 
Bid alt 
Euc cor 
Rhi imb 
Cos gra 
Bac elo 
Pie ang 
Cos rad 
Par sul 
Cos mar 
Pie nic 
Ast hep 
Navtra 
Cyl do 
Amp are 
Rhi pun 
Bid mem 
Rhiheb 
Tha sub 
405 
390 
368 
285 
275 
239 
228 
219 
207 
195 
193 
174 
161 
156 
151 
143 
131 
116 
in 
107 
106 
102 
100 
88 
83 
83 
67 
66 
65 
60 
59 
55 
52 
42 
38 
28 
23 
23 
16 
16 
14 
173 
143 
169 
138 
117 
114 
71 
24 
72 
18 
109 
28 
67 
79 
2 
81 
36 
15 
56 
10 
172 
21 
54 
40 
36 
18 
31 
30 
24 
26 
20 
2 
2 
6 
2 
2 
6 
10 
4 
2 
2 
RS DS^  
Ste tur 0 12 
RS DSL 
Cha rad 2 315 
Cha com 6 196 
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Nitzschia longissima 
Dactyliosolen antarctica 
Hemiaulus hauckii 
Neocalyptrella robusta 
Chaetoceros laciniosus 
Pseudo-nitzschia lineola 
Bacteriastrumfucatum 
ABUND DID NOT CHANGE MUCH 
Thalassionema nitzschioides 
Hemiaulus sinensis 
Chaetoceros costatus 
Pseudo-nitzschia pungens 
Odontella regia 
Corethron criophilum 
Coscinodiscus concinnus 
Chaetoceros dichaeta 
Dactyliosolen fragilissima 
Nitzschia brebissonii 
Nitzschia bicapitata 
Lauderia annulata 
Guinardia delicatula 
Hemiaulus membranaceus 
Thalassiosira leptopus 
Bacteriastrum elegans 
Asteroplanus karianus 
Climacodiumfrauenfeldianum 
Odontella mobilensis 
Thalassiosira pacifica 
Pyxidicula cruciata 
Pseudosolenia calcar avis 
Melosira jurgensi 
Nitzschia recta 
Rhizosolenia bergonii 
Chaetoceros eibenii 
Rhizosolenia castracanei 
Triceratium favus 
Diploneis bombus 
Surirella fastuosa 
DINOFLAGELLATES 
SP ONLY OCCURRED IN RAINY SEASON 
Gonyaulax sphaeroidea 
Prorocentrum gracile 
Gonyaulax fragilis 
Protoperidinium elegans 
Goniodoma sphaericum 
Nit Ion 
Dae ant 
Hemhau 
Neo rob 
Cha lac 
Pse lin 
Bacfuc 
14 
18 
2 
9 
4 
3 
1 
59 
37 
37 
19 
12 
8 
6 
Tha nit 
Hem sin 
Cha cos 
Pse pun 
Odor eg 
Cor cri 
Cos con 
Cha die 
Dacfra 
Nit bre 
Nit bic 
Lau ann 
Gui del 
Hem mem 
Tha lep 
Bac ele 
Ast kar 
Clifra 
Odo mob 
Thapac 
Pyx cru 
Pse cal avi 
Meljur 
Nit rec 
Rhi ber 
Cha eib 
Rhi cas 
Trifav 
Dip bom 
Surfas 
RS 
454 
318 
253 
87 
80 
66 
65 
62 
62 
53 
50 
45 
36 
32 
32 
31 
30 
28 
27 
24 
20 
16 
12 
12 
12 
8 
8 
4 
2 
2 
DS 
330 
301 
185 
75 
70 
36 
52 
40 
47 
32 
56 
22 
38 
22 
25 
25 
52 
23 
24 
22 
10 
9 
4 
14 
8 
2 
7 
6 
4 
2 
CODE ABUNDANCE 
Cells/ml 
RS DS 
Gonsph 135 0 
Pro gra 80 0 
Gonfra 78 0 
Protele 41 0 
Gonsph 32 0 
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Prorocentrum arcuatum 
Protoperidinium oceanicum 
Alexandrium tropicale 
Protoperidinium conicum 
Dinophysis ovum 
Protoperidinium sphaericum 
Ceratium macroceros 
Ceratium pentagonum 
Dinophysis acuminata 
Oxytoxum longiceps 
Oxytoxum turbo 
Protoperidinium eccentricum 
Protoperidinium pentagonum 
Gonyaulax milneri 
Ceratium externum 
Pro arc 
Prot oce 
Aletro 
Protcon 
Din ovu 
Prot sph 
Cer mac 
Cerpen 
Din acu 
Oxy Ion 
Oxytur 
Protecc 
Prot pen 
Gon mil 
Cer ext 
20 
18 
13 
12 
55 
7 
6 
4 
4 
4 
4 
4 
4 
3 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ABUND INCREASED IN RAINY SEASON RS DS 
Prorocentrum micans 
Scrippsiella trochoidea 
Protoperidinium steinii 
Ceratium furca 
Lingulodinium polyedrum 
Ceratium fusus 
Gonyaulax turbiney 
Gymnodinium sanguineum 
Pyrophacus steinii 
Protoperidinium ovum 
Prorocentrum minimum 
Gonyaulax pacifica 
Gymnodinium catenatum 
Pro mic 
Scrtro 
Prot ste 
Cer fur 
Linpol 
Cerfus 
Gon tur 
Gym san 
Pyr ste 
Prot ovu 
Pro min 
Gonpac 
Gym cat 
214 
107 
69 
42 
37 
33 
28 
20 
19 
16 
12 
10 
10 
13 
8 
12 
7 
4 
6 
4 
8 
2 
2 
1 
2 
2 
SP ONLY OCCURRED IN DRAY SEASON RS DS 
Ornithocercus steinii 
Ceratium trichoceros 
Corythodinium constrictum 
Palaeophalacroma verrucosa 
Pyrocystis noctiluca 
Orn ste 
Cer tri 
Cor con 
Pal ver 
Pyr noc 
6 
4 
4 
2 
2 
ABUND INCREASED IN DRAY SEASON RS DS 
Oxytoxum scolopax 
Ceratocorys horrida 
Pyrocystis hamulus 
Blepharocysta splendor - maris 
Oxy sco 
Cer hor 
Pyr ham 
Ble spl 
10 
8 
2 
5 
22 
22 
17 
10 
ABUND DID NOT CHANGE MUCH RS DS 
Diplopelta assymetrica 
Prorocentrum compressum 
Preperidinium meunieri 
Dip ass 
Pro com 
Pre meu 
53 
35 
27 
24 
19 
12 
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Protoperidinium abei 
Gonyaulax polygramma 
Heterocapsa niei 
Ornithocercus splendidus 
Podolampas bipes 
Podolampas palmipes 
Protabe 
Gonpolg 
Het nie 
Orn spl 
Pod bip 
Podpal 
8 
6 
2 
2 
2 
2 
4 
4 
2 
4 
2 
2 
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APPENDIX F 
ABUNDANCE VALUES OF DIATOMS AND DINOFLAGELLATES ORGANIZED BY 
DAYTIME, DURING THE NORMAL REGIME IN TUMACO BAY. ALL THE SPECIES 
HAVE A CODE NAME THAT HAS BEEN USED IN THE CCA PLOTS. SPECIES WERE 
ORGANIZED IN THREE DIFFERENT CATEGORIES: 1) ABUNDANCE INCREASED IN 
THE MORNING; 2) ABUNDANCE INCREASED IN THE AFTERNOON; 3) ABUNDANCE 
DID NOT CHANGE. BOLD VALUES REPRESENT HIGHER ABUNDANCES. 
DIATOMS 
ABUNDANCE INCREASES M 
Hemiaulus hauckii 
Stephanopyxis turris 
Pseudosolenia calcar avis 
Chaetoceros laciniosus 
Rhizosolenia bergonii 
Pseudo-nitzschia lineola 
Bacteriastrum fucatum 
Diploneis bombus 
Chaetoceros compressus 
Chaetoceros costatus 
Neocalyptrella robusta 
Nitzschia bicapitata 
Chaetoceros radicans 
Detonula confervacea 
Stephanopyxis palmeriana 
Lauderia annulata 
Guinardiaflaccida 
Dactyliosolen antarctica 
Triceratium favus 
Dactyliosolen fragilissima 
Corethron criophilum 
Thalassiosira paciflca 
Chaetoceros atlanticus 
Chaetoceros eibenii 
Guinardia delicatula 
Rhizosolenia pungens 
Cylindrotheca closterium 
Nitzschia brebissonii 
Proboscia alata 
Asteroplanus karianus 
Eucampia cornuta 
Thalassiothrix heteromorpha 
Climacodium frauenfeldianum 
[ORNING 
Hem hau 
Ste tur 
Pse cal avi 
Chalac 
Rhi ber 
Pse lin 
Bacfuc 
Dip bom 
Cha com 
Cha cos 
Neo rob 
Nit bic 
Charad 
Det con 
Ste pal 
Lau ann 
Guifla 
Dae ant 
Trifav 
Dacfra 
Cor cri 
Thapac 
Cha atl 
Cha eib 
Gui del 
Rhipun 
Cyl do 
Nit bre 
Pro ala 
Ast kar 
Euc cor 
Thai het 
Clifra 
ABUNDANCE 
Morning 
37 
31 
18 
16 
14 
9 
7 
6 
196 
355 
41 
94 
317 
97 
20 
46 
116 
40 
14 
72 
76 
38 
5 
8 
52 
22 
23 
65 
258 
54 
83 
156 
35 
Noon 
2 
4 
0 
0 
0 
0 
0 
0 
4 
9 
9 
6 
10 
10 
0 
16 
3 
9 
1 
4 
12 
1 
1 
0 
8 
5 
0 
0 
49 
0 
8 
19 
4 
(Cell/ml) 
Afternoon 
0 
0 
0 
0 
0 
0 
0 
0 
2 
4 
1 
6 
25 
8 
2 
5 
15 
6 
2 
13 
14 
7 
1 
2 
14 
6 
7 
20 
85 
18 
28 
53 
12 
% 
Increased 
100 
100 
100 
100 
100 
100 
100 
100 
99 
99 
98 
94 
92 
92 
90 
89 
87 
85 
85 
82 
82 
82 
80 
75 
73 
72 
70 
69 
67 
67 
66 
66 
66 
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Bacteriastrum elegans 
Rhizosolenia castracanei 
Odontella regia 
Chaetoceros dichaeta 
Lithodesmium undulatum 
Coscinodiscus concinnus 
Nitzschia longissima 
Pseudo-nitzschia subpacifica 
Rhizosolenia imbricata 
Odontella sinensis 
Hemiaulus membranaceus 
Lioloma pacificum 
Pseudo-nitzschia pungens 
Guinardia striata 
Skeletonema costatum 
Pseudo-nitzschia delicatissima 
Hemiaulus sinensis 
Rhizosolenia setigera 
Leptocylindrus danicus 
Pyxidicula cruciata 
Surirellafastuosa 
Bac ele 
Rhi cas 
Odo reg 
Cha die 
Lit und 
Cos con 
Nit Ion 
Pse sub 
Rhi imb 
Odo sin 
Hem mem 
Liopac 
Pse pun 
Gui str 
Ske cos 
Pse del 
Hem sin 
Rhi set 
Lep dan 
Pyx cru 
Surfas 
40 
11 
106 
74 
188 
78 
24 
95 
53 
69 
22 
24 
109 
273 
1488 
76 
370 
123 
134 
20 
4 
2 
0 
4 
0 
18 
8 
39 
32 
25 
54 
12 
11 
3 
147 
197 
4 
66 
51 
23 
0 
0 
14 
4 
40 
28 
72 
31 
10 
40 
23 
31 
10 
11 
50 
127 
715 
37 
183 
61 
67 
10 
2 
65 
64 
62 
62 
62 
61 
58 
58 
58 
55 
54 
54 
54 
53 
51 
51 
51 
50 
50 
50 
50 
ABUNDANCE INCREASES AFTERNOON 
Bacteriastrum delicatulum 
Odontella longicruris 
Nitzschia sigma 
Amphora lineolata 
Coscinodiscus curvatulus 
Achanthes longipes 
Actinoptychus senarius 
Diploneis didyma 
Nitzschia lanceolata 
Nitzschia obtusa 
Thalassiothrix mediterranea 
Navicula directa 
Bacillaria paxillifer 
Amphora arenicola 
Pleurosigma directum 
Navicula f. delicatula 
Azpeitia nodulifera 
Chaetoceros socialis 
Bac del 
Odo Ion 
Nit sig 
Amp I'm 
Cos cur 
Ach Ion 
Act sen 
Dip did 
Nit Ian 
Nit obt 
Thai med 
Nov dir 
Bac pax 
Amp are 
Pie dir 
Nov del 
Azp nod 
Chasoc 
Morning 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
8 
3 
2 
2 
7 
4 
5 
Noon 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
34 
2 
2 
6 
0 
2 
16 
3 
Afternoon 
11 
10 
10 
8 
6 
4 
3 
3 
3 
2 
63 
145 
32 
21 
20 
67 
30 
38 
% 
Increased 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
95 
94 
90 
90 
90 
90 
88 
87 
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Pleurosigma normanii 
Navicula cancellata 
Asteromphalus elegans 
Navicula transitans var derasa 
Pleurosigma nicobaricum 
Cerataulina pelagica 
Pleurosigma angulatum 
Coscinodiscus centralis 
Cerataulina bicornis 
Coscinodiscus marginatus 
Gossleriella tropica 
ABUNDANCE DID NOT CHANGE MUCH 
Thalassionema nitzschioides 
Chaetoceros peruvianas 
Thalassiosira subtilis 
Thalassiosira anguste - lineata 
Leptocylindrus mediterraneus 
Odontella aurita 
Coscinodiscus nitidus 
Nitzschia angularis 
Bacteriastrum hyalinum 
Chaetoceros didymus 
Odontella mobilensis 
Nitzschia recta 
Chaetoceros cinctus 
Bacteriastrum elongatum 
Coscinodiscus granii 
Chaetoceros curvisetus 
Thalassionema frauenfeldi 
Paralia sulcata 
Biddulphia alternans 
Dityllum brightwelli 
Coscinodiscus radiatus 
Biddulphia membranacea 
Asterionellopsis glacialis 
Cyclotella striata 
Coscinodiscus eccentricus 
Rhizosolenia hebetata 
Cyclotella meneghiniana 
Meuniera membranacea 
Tha nit 
Cha per 
Tha sub 
Tha ang lin 
Lep med 
Odo aur 
Cos nit 
Nit ang 
Bachya 
Cha did 
Odo mob 
Nitrec 
Chacin 
Bac elo 
Cos gra 
Cha cur 
Thafra 
Par sul 
Bid alt 
Dit bri 
Cosrad 
Bid mem 
Astgla 
Cyc str 
Cos ecc 
Rhi heb 
Cyc men 
Meu mem 
Morning 
375 
320 
14 
173 
46 
6 
93 
117 
284 
231 
24 
16 
79 
56 
56 
409 
202 
32 
71 
154 
48 
7 
36 
10 
146 
8 
10 
58 
Noon 
212 
86 
2 
27 
7 
0 
17 
13 
75 
48 
12 
0 
9 
4 
6 
67 
15 
3 
4 
29 
2 
0 
2 
0 
16 
0 
2 
14 
Afternoon 
198 
172 
8 
102 
78 
10 
57 
72 
175 
144 
15 
10 
125 
36 
36 
274 
136 
44 
53 
116 
36 
9 
45 
8 
117 
10 
12 
51 
% 
Increased 
47 
46 
43 
41 
41 
40 
39 
38 
38 
38 
38 
38 
37 
36 
36 
33 
33 
26 
25 
25 
25 
22 
20 
20 
20 
20 
17 
12 
Pie nor 
Nov can 
Ast ele 
Navtra 
Pie nic 
Cerpel 
Pie ang 
Cos cen 
Cer bic 
Cos mar 
Gos tro 
4 
10 
8 
10 
12 
2 
23 
74 
14 
18 
7 
0 
5 
2 
0 
2 
0 
10 
13 
3 
2 
ft 
30 
48 
34 
35 
40 
5 
56 
167 
31 
37 
d 
86 
79 
76 
71 
70 
60 
59 
55 
55 
52 
sn 
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Rhizosolenia hyalina 
Chaetoceros diversus 
Chaetoceros lorenzianus 
Thalassiosira leptopus 
Asteromphalus heptactis 
Chaetoceros qffinis 
Melosira jurgensi 
Asteromphalus brookei 
Hemidiscus cuneiformis 
Rhi hya 
Cha div 
Chae lor 
Tha lep 
Ast hep 
Chaaff 
Meljur 
Ast bro 
Hem cun 
20 
93 
457 
21 
22 
266 
8 
2 
2 
0 
50 
15 
14 
3 
29 
0 
0 
0 
18 
100 
428 
22 
23 
272 
8 
2 
2 
10 
7 
6 
5 
4 
2 
0 
0 
0 
DINOFLAGELLATES ABUNDANCE (Cell/ml) 
ABUNDANCE INCREASES MORNING 
Ceratocorys horrida 
Blepharocysta splendor - maris 
Pyrocystis hamulus 
Ornithocercus splendidus 
Gonyaulax turbiney 
Goniodoma sphaericum 
Oxytoxum scolopax 
Ornithocercus steinii 
Dinophysis ovum 
Ceratium trichoceros 
Corythodinium constrictum 
Heterocapsa niei 
Podolampas bipes 
Protoperidinium pentagonum 
Gonyaulax milneri 
Palaeophalacroma verrucosa 
Pyrocystis noctiluca 
Dinophysis acuminata 
Alexandrium tropicale 
Scrippsiella trochoidea 
Gonyaulax polygramma 
Cer hor 
Blespl 
Pyr ham 
Orn spl 
Gon tur 
Gon sph 
Oxy sco 
Orn ste 
Din ovu 
Cer tri 
Cor con 
Het nie 
Podbip 
Prot pen 
Gon mil 
Pal ver 
Pyr noc 
Din acu 
Aletro 
Scr tro 
Gonpolg 
ABUNDANCE INCREASES AFTERNOON 
Ceratium extensum 
Ceratium tripos 
Protoperidinium oceanicum 
Prorocentrum arcuatum 
Cer ext 
Cer trip 
Prot oce 
Pro arc 
Morning 
24 
23 
22 
22 
22 
21 
20 
6 
6 
4 
4 
4 
4 
3 
2 
2 
2 
2 
11 
81 
6 
Morning 
0 
0 
1 
3 
Noon 
4 
2 
2 
2 
2 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
17 
2 
Noon 
0 
0 
2 
0 
Afternoon 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
17 
2 
Afternoon 
2 
6 
18 
20 
% 
Increased 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
82 
80 
67 
% 
Increased 
100 
100 
94 
85 
APPENDIX F (continued) 
Ceratium macroceros Cer mac 
Protoperidinium conicum Prot con 
Oxytoxum turbo Oxy tur 
Protoperidinium ovum Prot ovu 
Gonyaulax fragilis Gonfra 
Prorocentrum gracile Progra 
ABUNDANCE DID NOT CHANGE MUCH 
Prorocentrum compressum 
Ceratium fusus 
Pyrophacus steinii 
Gymnodinium sanguineum 
Gonyaulax sphaeroidea 
Diplopelta assymetrica 
Ceratium furca 
Prorocentrum minimum 
Preperidinium meunieri 
Prorocentrum micans 
Protoperidinium sphaericum 
Protoperidinium steinii 
Gonyaulax pacifica 
Protoperidinium abei 
Oxytoxum longiceps 
Protoperidinium eccentricum 
Lingulodinium polyedrum 
Protoperidinium elegans 
Ceratium pentagonum 
Podolampas palmipes 
Gymnodinium catenatum 
Pro com 
Cerfus 
Pyr ste 
Gym san 
Gon sph 
Dip ass 
Cer fur 
Pro min 
Pre meu 
Pro mic 
Prot sph 
Prot ste 
Gonpac 
Prot abe 
Oxy Ion 
Prot ecc 
Linpol 
Prot ele 
Cer pen 
Podpal 
Gym cat 
1 0 5 80 
2 0 10 80 
4 0 14 71 
4 0 14 71 
16 7 55 71 
13 26 41 68 
Morning 
31 
12 
7 
10 
89 
44 
18 
5 
20 
89 
2 
42 
5 
5 
3 
3 
15 
18 
2 
2 
6 
Noon 
6 
6 
0 
12 
6 
6 
2 
0 
6 
0 
2 
9 
0 
0 
0 
0 
6 
8 
0 
2 
0 
Afternoon 
17 
21 
12 
6 
54 
27 
29 
8 
13 
138 
3 
30 
7 
7 
4 
4 
20 
15 
2 
2 
6 
% 
Increased 
45 
43 
42 
40 
39 
39 
38 
38 
35 
35 
33 
30 
28 
28 
25 
25 
25 
17 
0 
0 
0 
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APPENDIX G 
SURFACE DISTRIBUTION OF AVERAGE MONTHLY VALUES OF BIOLOGICAL AND 
PHYSICOCHEMICAL VARIABLES COLLECTED AT STATION 5 IN TUMACO BAY, 
DURING THE NORMAL, LA NINA AND EL NINO REGIMES. 
Normal Regime 
Month Preci SST Secchi Sal DO P04 N02 N03 NH4 Si03 Diato Dino 
(mm) (°C) (m) (uM/ (uM) (fiM) (uM) (uM) (uM) (cell/ml) (cell/ml) 
kg) 
jan 
feb 
mar 
apr 
may 
jun 
Jul 
aug 
sep 
oct 
nov 
dec 
mean 
sd 
min 
max 
median 
268.7 
286.4 
277.5 
325.9 
320.5 
177.5 
175.9 
68.9 
71.1 
101.2 
119.3 
198.4 
199 
95.2 
68.9 
325.9 
188 
27.2 
27.2 
27.5 
27.6 
27.8 
27.6 
27.4 
27.4 
27.2 
27.1 
27.2 
27.1 
27.3 
0.21 
27.1 
27.8 
27.3 
6.7 
6.2 
7.9 
8.8 
9.5 
10.7 
10.3 
10.4 
10.3 
9.1 
9.0 
8.3 
8.9 
1.46 
6.2 
10.7 
9.1 
30.8 
30.5 
32.4 
32.4 
32.4 
31.9 
31.9 
31.4 
30.8 
30.7 
29.7 
29.8 
31.2 
0.98 
29.7 
32.4 
31.1 
4.6 
4.7 
4.7 
4.4 
4.2 
4.2 
4.3 
4.5 
4.5 
4.5 
4.3 
4.1 
4.4 
0.19 
4.1 
4.7 
4.4 
0.122 
0.144 
0.184 
0.181 
0.188 
0.133 
0.150 
0.118 
0.133 
0.050 
0.065 
0.063 
0.13 
0.05 
0.05 
0.19 
0.13 
0.010 
0.016 
0.022 
0.021 
0.020 
0.018 
0.024 
0.031 
0.032 
0.016 
0.015 
0.015 
0.020 
0.007 
0.010 
0.032 
0.019 
0.049 
0.055 
0.073 
0.076 
0.070 
0.058 
0.080 
0.102 
0.092 
0.089 
0.077 
0.066 
0.074 
0.016 
0.049 
0.102 
0.075 
0.622 
0.546 
0.654 
0.705 
0.688 
0.373 
0.571 
0.956 
0.905 
0.722 
0.699 
0.698 
0.68 
0.15 
0.37 
0.96 
0.69 
1.62 
6.94 
10.53 
9.08 
7.45 
7.56 
4.49 
2.68 
4.75 
5.13 
2.85 
3.47 
5.5 
2.8 
1.6 
10.5 
4.9 
301 
307 
474 
478 
254 
241 
183 
314 
378 
397 
317 
308 
329 
89.0 
183 
478 
311 
19 
29 
30 
39 
46 
12 
13 
6 
8 
7 
11 
2 
18 
14.1 
2 
46 
13 
La Nina Regime 
Month Preci SST Secchi Sal DO P04 N02 N03 NH4 Si03 Diato Dino 
(mm) (°C) (m) (uM/ (uM) (uM) (pM) (uM) (uM) (cell/ml) (cell/ml) 
BE) 
jan 
feb 
mar 
apr 
may 
jun 
Jul 
aug 
sep 
oct 
nov 
328.6 
263.3 
310.7 
282.1 
368.6 
330.6 
53.8 
66.7 
136.3 
79.1 
59.5 
26.5 
26.5 
26.5 
26.8 
27.0 
26.7 
26.5 
26.7 
26.7 
26.9 
26.8 
9.4 
8.6 
9.0 
10.0 
10.5 
11.0 
12.0 
15.5 
13.5 
13.1 
13.4 
30.6 
32.4 
32.9 
32.7 
32.7 
32.2 
32.0 
31.1 
31.5 
31.1 
30.8 
4.5 
4.8 
4.8 
4.4 
4.5 
4.8 
4.7 
4.7 
4.7 
4.6 
4.6 
0.250 
0.321 
0.415 
0.237 
0.240 
0.274 
0.227 
0.228 
0.365 
0.225 
0.145 
0.032 
0.043 
0.043 
0.045 
0.036 
0.030 
0.043 
0.050 
0.051 
0.032 
0.019 
0.052 
0.174 
0.181 
0.100 
0.080 
0.090 
0.103 
0.160 
0.218 
0.152 
0.144 
0.786 
1.195 
1.176 
1.105 
0.540 
0.390 
0.370 
1.210 
1.160 
1.200 
1.218 
15.66 
21.60 
14.81 
13.67 
13.38 
14.18 
7.19 
5.90 
8.00 
8.38 
7.26 
283 
931 
1089 
431 
339 
330 
357 
407 
515 
1147 
931 
3 
7 
12 
33 
7 
0 
6 
2 
2 
3 
4 
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dec 
mean 
sd 
min 
max 
median 
168.6 
204 
121.9 
53.8 
368.6 
216 
26.7 
26.7 
0.18 
26.5 
27.0 
26.7 
El Nino Regime 
Month Preci SST 
(mm) (°C) 
jan 
feb 
mar 
apr 
may 
jun 
Jul 
aug 
sep 
oct 
nov 
dec 
mean 
sd 
min 
max 
median 
443.7 
387.9 
370.9 
432.3 
400.5 
317.9 
172.4 
107.6 
206.2 
173.0 
328.0 
356.6 
308 
113.9 
107.6 
443.7 
342 
28.5 
28.7 
27.9 
28.3 
28.1 
27.9 
28.0 
28.5 
28.4 
28.7 
28.4 
28.6 
28.3 
0.30 
27.9 
28.7 
28.4 
10.5 
11.4 
2.13 
8.6 
15.5 
10.8 
30.1 
31.7 
0.93 
30.1 
32.9 
31.7 
4.4 
4.6 
0.15 
4.4 
4.8 
4.6 
0.175 
0.26 
0.08 
0.14 
0.42 
0.24 
Secchi Sal DO P04 
(m) (jiM/ (ftM) 
kg) 
5.5 30.0 4.3 0.029 
5.8 29.7 4.2 0.049 
6.8 30.1 4.3 0.077 
6.0 29.6 4.3 0.010 
6.4 29.8 4.2 0.049 
6.3 30.9 3.9 0.076 
7.6 31.2 4.1 0.080 
7.9 31.1 4.0 0.076 
6.8 30.4 3.6 0.075 
7.7 29.6 3.5 0.034 
6.7 29.1 3.7 0.026 
6.5 29.2 4.0 0.051 
6.7 30.1 4.0 0.05 
0.75 0.70 0.28 0.02 
5.5 29.1 3.5 0.01 
7.9 31.2 4.3 0.08 
6.6 29.9 4.1 0.05 
0.018 0.128 0.841 
0.037 0.132 0.93 
0.011 0.048 0.33 
0.018 0.052 0.37 
0.051 0.218 1.22 
0.040 0.136 1.13 
N02 N03 NH4 
(HM) GiM) (jiM) 
0.013 
0.015 
0.020 
0.010 
0.013 
0.010 
0.017 
0.014 
0.016 
0.008 
0.013 
0.013 
0.014 
0.003 
0.008 
0.020 
0.013 
0.039 
0.028 
0.061 
0.038 
0.037 
0.003 
0.015 
0.012 
0.024 
0.015 
0.026 
0.027 
0.027 
0.015 
0.003 
0.061 
0.026 
0.226 
0.255 
0.389 
0.260 
0.248 
0.146 
0.258 
0.103 
0.282 
0.260 
0.250 
0.248 
0.24 
0.07 
0.10 
0.39 
0.25 
5.84 
11.3 
4.9 
5.8 
21.6 
10.9 
481 
603 
322.7 
283 
1147 
456 
9 
7 
8.8 
0 
33 
5 
Si03 Diato Dino 
(|lM) (cell/ml) (cell/ml) 
3.23 
5.78 
7.58 
5.40 
3.60 
4.22 
4.21 
2.80 
2.47 
2.57 
3.51 
2.50 
4.0 
1.6 
2.5 
7.6 
3.6 
118 
174 
281 
119 
171 
164 
160 
165 
164 
171 
181 
135 
167 
41.7 
118 
281 
164 
80 
78 
77 
92 
37 
36 
34 
53 
39 
73 
59 
116 
64 
25.8 
34 
116 
66 
APPENDIX H 
RESULTS OF ANOVA STATISTICAL TEST FOR 2 DEGREES OF FREEDOM AND 95% 
INTERVAL OF CONFIDENCE PERFORMED FOR EVERY BIOLOGICAL AND 
ENVIRONMENTAL VARIABLE COLLECTED AT STATION 5 IN TUMACO BAY 
DURING NORMAL, LA NINA AND EL NINO REGIMES. 
ANOVA: Results for SST . 
Source of variation Sum of squares dX Mean squares F 
Groups 16.36 2 8.180 147.9 
Error 1.825 33 5.5303E-02 
Total 18.19 35 
The probability of this result, assuming the null hypothesis, is 0.000 
ANOVA: Results for precipitation 
Source of variation Sum of squares d.f. Mean squares F 
Groups 9.0786E+04 2 4.5393E+04 3.691 
Error 4.0585E+05 33 1.2299E+04 
Total 4.9664E+05 35 
The probability of this result, assuming the null hypothesis, is 0.036 
ANOVA: Results for transparency 
Source of variation Sum of sq uares dS. Mean squares F 
Groups 133.1 2 66.54 27.65 
Error 79.40 33 2.406 
Total 212.5 35 
The probability of this result, assuming the null hypothesis, is 0.0002 
ANOVA: Results for salinity 
Source of variation Sum of squares dj. Mean squares F 
Groups 16.71 2 8.354 10.73 
Error 25.69 33 0.7786 
Total 42.40 35 
The probability of this result, assuming the null hypothesis, is 0.0001 
ANOVA: Results for DO 
Source of variation Sum of squares dj. Mean squares F 
Groups 2.362 2 1.181 25.17 
Error 1.548 33 4.6919E-02 
Total 3.910 35 
The probability of this result, assuming the null hypothesis, is 0.0002 
ANOVA: Results for PQ4 
Source of variation Sum of squares (Lf. Mean squares I? 
Groups 0.2605 2 0.1302 45.29 
Error 9.4901E-02 33 2.8758E-03 
Total 0.3554 35 
The probability of this result, assuming the null hypothesis, is 0.0003 
ANOVA: Results for N02 
Source of variation Sum of squares <Lf. Mean squares F 
Groups 3.4802E-03 2 1.7401E-03 30.02 
Error 1.9127E-03 33 5.7960E-05 
Total 5.3929E-03 35 
The probability of this result, assuming the null hypothesis, is 0.0002 
ANOVA: Results for NQ2 
Source of variation Sum of sq uares <L£ Mean squares F 
Groups 6.6081E-02 2 3.3041E-02 35.21 
Error 3.0963E-02 33 9.3829E-04 
Total 9.7045E-02 35 
The probability of this result, assuming the null hypothesis, is 0.0002 
ANOVA: Results for NH4 
Source of variation Sum of squares d.f. Mean squares F 
Groups 2.912 2 1.456 31.09 
Error 1.546 33 4.6836E-02 
Total 4.457 35 
The probability of this result, assuming the null hypothesis, is 0.0002 
ANOVA: Results for SiQ3 
Source of variation Sum of sq uares d.f. Mean squares F 
Groups 358.5 2 179.2 15.63 
Error 378.4 33 11.47 
Total 736.8 35 
The probability of this result, assuming the null hypothesis, is 0.0001 
ANOVA: Results for Diatoms 
Source of variation Sum of squares <Lf. Mean squares F 
Groups 1.1681E+06 2 5.8407E+05 15.41 
Error 1.2512E+06 33 3.7914E+04 
Total 2.4193E+06 35 
The probability of this result, assuming the null hypothesis, is 0.0001 
ANOVA: Results for Dinoflagellates 
Source of variation Sum of sq uares df. Mean squares F 
Groups 2.2035E+04 2 1.1017E+04 34.84 
Error 1.0435E+04 33 316.2 
Total 3.2470E+04 35 
The probability of this result, assuming the null hypothesis, is 0.0002 
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APPENDIX I 
ABUNDANCE VALUES OF DIATOMS AND DINOFLAGELLATES DURING THE 
NORMAL, EL NINO AND LA NINA REGIMES. ALL THE SPECIES HAVE A CODE 
NAME THAT HAS BEEN USED IN THE CCA PLOTS. FOR EACH CATEGORY SPECIES 
WERE ORGANIZED FROM HIGH TO LOW ABUNDANCE. 
DIATOMS 
APPEARED ONLY IN NINA 
Leptocylindrus minimus 
Chaetoceros seriacanthus 
Chaetoceros decipiens 
Pseudoguinardia recta 
Toxarium undulatum 
Coscinodiscus perforates 
ABUNDANCE INCREASED IN NEVA 
Skeletonema costatum 
Chaetoceros curvisetus 
Chaetoceros lorenzianus 
Thalassionema frauenfeldi 
Guinardia striata 
Chaetoceros affinis 
Chaetoceros didymus 
Bacteriastrum hyalinum 
Chaetoceros diversus 
Hemiaulus sinensis 
Paralia sulcata 
Leptocylindrus danicus 
Thalassionema nitzschioides 
Pseudo-nitzschia subpaciflca 
Thalassiosira anguste - lineata 
Proboscia alata 
Chaetoceros peruvianus 
Dityllum brightwelli 
Asterionellopsis glacialis 
Chaetoceros radicans 
Biddulphia alternans 
Odontella sinensis 
Pseudo-nitzschia delicatissima 
Chaetoceros costatus 
Chaetoceros compressus 
Coscinodiscus eccentricus 
Hemiaulus hauckii 
Lauderia annulata 
Lithodesmium undulatum 
Coscinodiscus centralis 
Pleurosigma angulatum 
Chaetoceros cinctus 
Leptocylindrus mediterraneus 
Coscinodiscus concinnus 
Bacteriastrum elegans 
CODE 
Lep min 
Cha ser 
Cha dec 
Pse rec 
Tox und 
Cos per 
CODE 
Ske cos 
Cha cur 
Chae lor 
Thafra 
Gui str 
Cha off 
Cha did 
Bac hya 
Cha div 
Hem sin 
Par sul 
Lep dan 
Tha nit 
Pse sub 
Tha ang 
Pro ala 
Cha per 
Dit bri 
Ast gla 
Cha rad 
Bid alt 
Odo sin 
Pse del 
Cha cos 
Cha com 
Cos ecc 
Hem hau 
Lau ann 
Lit und 
Cos cen 
Pie ang 
Cha cin 
Lep med 
Cos con 
Bac ele 
NORMAL 
0 
0 
0 
0 
0 
0 
NORMAL 
2399 
750 
900 
353 
537 
566 
423 
533 
243 
619 
79 
224 
784 
167 
302 
392 
578 
299 
83 
317 
128 
154 
117 
368 
202 
279 
39 
67 
278 
198 
89 
213 
131 
117 
56 
REGIME 
Abundance (Cells/ml) 
NINA 
1170 
1015 
464 
54 
20 
6 
NINA 
22733 
9080 
8309 
7893 
7696 
7601 
6680 
5551 
4484 
4238 
4052 
4001 
3360 
3255 
2846 
2714 
1903 
1895 
1752 
1738 
1513 
1481 
1476 
1272 
1236 
1228 
1130 
1122 
1034 
960 
959 
920 
888 
884 
874 
NINO 
0 
0 
0 
0 
0 
o 
NINO 
1609 
1206 
1185 
554 
532 
1246 
760 
420 
168 
847 
122 
464 
522 
796 
340 
1201 
943 
563 
154 
19 
220 
335 
75 
52 
22 
782 
85 
198 
248 
2 
235 
291 
348 
140 
80 
APPENDIX I (continued) 
Thalassiothrix heteromorpha 
Eucampia cornuta 
Meuniera membranacea 
Nitzschia angularts 
Bacillaria paxillifer 
Chaetoceros eibenii 
Odontella mobilensis 
Coscinodiscus nitidus 
Nitzschia brebissonii 
Odontella regia 
Stephanopyxis turris 
Nitzschia obtusa 
Climacodium frauenfeldianum 
Pseudo-nitzschia pungens 
Odontella longicruris 
Coscinodiscus granii 
Melosirajurgensi 
Pseudosolenia calcar avis 
Nitzschia longissima 
Lioloma pacificum 
Cylindrotheca closterium 
Cerataulina bicornis 
Hemiaulus membranaceus 
Chaetoceros atlanticus 
Pseudo-nitzschia seriata 
Nitzschia recta 
Pleurosigma normanii 
Cyclotella meneghiniana 
Pyxidicula cruciata 
Rhizosolenia hebetata 
Rhizosolenia hyalina 
Rhizosolenia imbricata 
Rhizosolenia pungens 
Pleurosigma nicobaricum 
Chaetoceros aequatorialis 
Coscinodiscus radiatus 
Pseudo-nitzschia lineola 
Stephanopyxis palmeriana 
Bacteriastrum delicatulum 
Rhizosolenia bergonii 
Neocalyptrella robusta 
Actinoptychus senarius 
Helicotheca tamesis 
Asteromphalus brookei 
Hemidiscus cuneiformis 
Diploneis bombus 
Achanthes longipes 
Corethron criophilum 
Thai het 
Euc cor 
Meu mem 
Nit ang 
Bacpax 
Cha eib 
Odo mob 
Cos nit 
Nit bre 
Odo reg 
Ste tur 
Nit obt 
Clifra 
Pse pun 
Odo ion 
Cos gra 
Meljur 
Pse cal 
Nit Ion 
Liqpac 
Cyl do 
Cer bic 
Hem mem 
Cha atl 
Pse ser 
Nit rec 
Pie nor 
Cyc men 
Pyx cru 
Rhi heb 
Rhi hya 
Rhi imb 
Rhi pun 
Pie nic 
Cha aeq 
Cos rad 
Pse lin 
Ste pal 
Bac del 
Rhi ber 
Neo rob 
Act sen 
Hel tarn 
Ast bro 
Hem cun 
Dip bom 
Ach Ion 
Cor cri 
228 
119 
123 
202 
32 
10 
51 
167 
85 
150 
12 
2 
51 
162 
10 
98 
16 
18 
73 
46 
30 
48 
54 
4 
0 
26 
34 
22 
30 
18 
38 
101 
33. 
54 
0 
86 
9 
22 
7 
14 
28 
3 
0 
,2 
2 
6 
4 
102 
859 
842 
806 
795 
790 
669 
650 
645 
591 
577 
561 
544 
517 
515 
511 
469 
464 
461 
445 
437 
409 
336 
327 
322 
317 
294 
277 
260 
254 
238 
238 
238 
238 
217 
197 
165 
162 
158 
149 
120 
118 
82 
60 
60 
25 
53 
29 
374 
312 
198 
171 
192 
76 
25 
33 
281 
235 
132 
26 
22 
101 
80 
53 
71 
6 
12 
101 
18 
60 
3 
32 
4 
12 
6 
5 
33 
47 
36 
36 
25 
2 
68 
18 
67 
2 
38 
8 
2 
10 
1 
2 
18 
9 
18 
5 
106 
APPENDIX I (continued) 
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ABSENT IN NINO 
Dactyliosolenfragilissima 
Guinardia flaccida 
Bacteriastrum fucatum 
Thalassiosira subtilis 
Cerataulina pelagica 
Detonula confervacea 
Pleurosigma directum 
Thalassiosira pacifica 
Navicula cancellata 
Navicula transitans var derasa 
Coscinodiscus marginatus 
Navicula f. delicatula 
Azpeitia nodulifera 
Haslea wawrikae 
Tropidoneis lepidoptera 
Stauroneis glacilis 
Nitzschia sigma 
Navicula directa 
APPEARED ONLY IN NINO 
Cocconeis scutellum 
Cymbella parva 
ABUNDANCE INCREASED IN NINO 
Rhizosolenia castracanei 
Asteromphalus elegans 
ABUNDANCE DID NOT CHANGE 
MUCH 
Rhizosolenia setigera 
Nitzschia bicapitata 
Chaetoceros dichaeta 
Bacteriastrum elongatum 
Guinardia delicatula 
Asteroplanus karianus 
Thalassiothrix mediterranea 
Thalassiosira leptopus 
Dactyliosolen antarctica 
Asteromphalus heptactis 
Chaetoceros socialis 
Amphora arenicola 
Biddulphia membranacea 
Cyclotella striata 
Chaetoceros laciniosus 
Odontella aurita 
Triceratium favus 
Amphora lineolata 
Coscinodiscus curvatulus 
CODE 
Dacfra 
Guifla 
Bacfur 
Tha sub 
Cerpel 
Det con 
Pie dir 
Thapac 
Nov can 
Nov tra 
Cos mar 
Nav del 
Azp nod 
Has waw 
Tro lep 
Stagla 
Nit sig 
Nav dir 
CODE 
Coc scu 
Cym par 
CODE 
Rhi cas 
Ast ele 
CODE 
Rhi set 
Nit bic 
Cha die 
Bac elo 
Gui del 
Ast kar 
Thai med 
Tha lep 
Dae ant 
Ast hep 
Cha soc 
Amp are 
Bid mem 
Cyc str 
Cha lac 
Odo aur 
Trifav 
Amp lin 
Cos cur 
NORMAL 
89 
131 
7 
16 
7 
115 
20 
46 
53 
40 
57 
67 
39 
2 
2 
2 
10 
153 
NORMAL 
0 
0 
NORMAL 
15 
42 
NORMAL 
235 
106 
102 
96 
74 
72 
70 
57 
55 
48 
38 
29 
20 
18 
16 
14 
10 
8 
6 
NINA 
2137 
1151 
690 
574 
520 
512 
215 
210 
166 
162 
153 
137 
114 
15 
14 
61 
59 
100 
NINA 
0 
0 
NINA 
16 
4 
NINA 
458 
317 
417 
118 
215 
330 
10 
167 
19 
190 
64 
104 
8 
129 
97 
25 
64 
16 
19 
NINO 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
NINO 
10 
4 
NINO 
104 
80 
NINO 
357 
153 
258 
115 
68 
245 
8 
102 
50 
227 
34 
57 
42 
82 
75 
19 
15 
4 
4 
APPENDIX I (continued) 
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Gossleriella tropica 
Surirellafastuosa 
Diploneis didytna 
Nitzschia lanceolata 
DENOFLAGELLATES 
APPEARED ONLY IN NINA 
Oxytoxum minutum 
Protoperidinium cerasus 
Gonyaulax diegensis 
ABUNDANCE INCREASED IN NINA 
Scrippsiella trochoidea 
Protoperidinium brevipens 
ABSENT IN NINA 
Gymnodinium sanguineum 
Podolampas palmipes 
Ornithocercus splendidus 
Ornithocercus steinii 
Palaeophalacroma verrucosa 
APPEARED ONLY IN NINO 
Ceratium massilense 
Gonyaulax spinifera 
Ceratium candelabrum 
Pyrocistis lunula 
Ceratium vultur 
Gambierdiscus toxicus 
Prorocentrum dentatum 
Plectodinium nucleovelatum 
Spiraulax joliffei 
ABUNDANCE INCREASED IN NINO 
Prorocentrum micans 
Prorocentrum gracile 
Ceratiumfurca 
Diplopelta assymetrica 
Prorocentrum compressum 
Heterocapsa niei 
Protoperidinium steinii 
Protoperidinium conicum 
Ceratium fusus 
Gonyaulax fragilis 
Lingulodinium polyedrum 
Gonyaulax sphaeroidea 
Prorocentrum minimum 
Gos tro 
Surfas 
Dip did 
Nit Ian 
CODE 
Oxy min 
Prot cer 
Gon die 
CODE 
Scr tro 
Prot bre 
CODE 
Gym san 
Podpal 
Orn spl 
Orn ste 
Pal ver 
CODE 
Cer mas 
Gon spi 
Cer can 
Pyrlun 
Cer vul 
Gam tox 
Pro den 
Pie nuc 
Spijol 
CODE 
Pro mic 
Pro gra 
Cer fur 
Dip ass 
Pro com 
Het nie 
Prot ste 
Prot con 
Cerfus 
Gonfra 
Linpol 
Gon sph 
Pro min 
4 
4 
3 
3 
NORMAL 
0 
0 
0 
NORMAL 
115 
0 
NORMAL 
28 
4 
6 
6 
2 
NORMAL 
0 
0 
0 
0 
0 
0 
0 
0 
0 
NORMAL 
227 
80 
49 
77 
54 
4 
81 
12 
39 
78 
41 
149 
13 
4 
48 
17 
2 
REGIME 
Abundance (Cells/ml) 
NINA 
8 
63 
7 
NINA 
257 
19 
NINA 
0 
0 
0 
0 
0 
NINA 
0 
0 
0 
0 
0 
0 
0 
0 
0 
NINA 
228 
62 
125 
153 
87 
23 
179 
70 
118 
32 
42 
29 
77 
12 
33 
6 
4 
NINO 
0 
0 
0 
NINO 
69 
4 
NINO 
272 
10 
10 
6 
1 
NINO 
50 
32 
30 
18 
8 
8 
8 
7 
4 
NINO 
747 
480 
258 
251 
249 
247 
247 
243 
226 
194 
192 
180 
179 
APPENDIX I (continued) 
Protoperidinium elegans 
Pyrophacus steinii 
Ceratocorys horrida 
Gonyaulax polygramma 
Protoperidinium abei 
Dinophysis caudata 
Ceratium tripos 
Protoperidinium depressum 
Gymnodinium catenatum 
Prorocentrum arcuatum 
Gonyaulax turbiney 
Dinophysis ovum 
Protoperidinium divergens 
Ceratium macroceros 
Gonyaulax paciflca 
Blepharocysta splendor - maris 
Ceratium pentagonum 
Ceratium falcatiforme 
Ceratium externum 
Protoperidinium claudicans 
Gonyaulax milneri 
ABSENT IN NINO 
Goniodoma sphaericum 
Oxytoxum longiceps 
Protoperidinium eccentricum 
ABUND. DID NOT CHANGE MUCH 
Preperidinium meunieri 
Oxytoxum scolopax 
Pyrocystis hamulus 
Protoperidinium oceanicum 
Protoperidinium ovum 
Alexandrium tropicale 
Protoperidinium sphaericum 
Protoperidinium pentagonum 
Dinophysis acuminata 
Corythodinium constrictum 
Ceratium trichoceros 
Oxytoxum turbo 
Podolampas bipes 
Pyrocystis noctiluca 
Protoperidinium brochi 
Ceratium kofoidii 
Goniodoma poliedricum 
Gonyaulax sousae 
Protoperidinium subpyriforme 
Oxytoxum mediterraneum 
Oxytoxum sceptrum 
Prot ele 
Pyr ste 
Cer hor 
Gonpolg 
Protabe 
Din cau 
Cer trip 
Prot dep 
Gym cat 
Pro arc 
Gon tur 
Din ovu 
Prot div 
Cer mac 
Gonpac 
Ble spl 
Cer pen 
Cerfal 
Cer ext 
Prot cla 
Gon mil 
CODE 
Gon sph 
Oxylon 
Protecc 
CODE 
Pre meu 
Oxy sco 
Pyr ham 
Prot oce 
Prot ovu 
Ale tro 
Prot sph 
Prot pen 
Din acu 
Cor con 
Cer tri 
Oxy tur 
Pod bip 
Pyr noc 
Prot bro 
Cer kof 
Gonpol 
Gon sou 
Protsub 
Oxymed 
Oxy see 
41 
21 
30 
10 
12 
0 
6 
0 
12 
20 
32 
8 
0 
4 
12 
15 
4 
0 
2 
1 
2 
NORMAL 
21 
4 
4 
NORMAL 
59 
22 
19 
18 
18 
13 
7 
4 
4 
4 
4 
4 
4 
2 
2 
2 
0 
0 
0 
0 
0 
22 
17 
59 
6 
17 
34 
52 
16 
28 
27 
11 
12 
6 
4 
6 
13 
6 
6 
9 
6 
1 
NINA 
70 
14 
4 
NINA 
165 
25 
9 
55 
5 
97 
26 
44 
46 
4 
12 
8 
10 
16 
45 
17 
34 
3 
10 
4 
2 
135 
123 
97 
94 
92 
92 
76 
75 
72 
64 
55 
42 
40 
38 
36 
36 
28 
20 
18 
16 
12 
NINO 
0 
0 
0 
NINO 
152 
16 
16 
16 
10 
101 
20 
52 
16 
12 
8 
8 
2 
32 
30 
18 
30 
10 
10 
2 
2 
APPENDIX J 
ABUNDANCE VALUES OF DIATOMS AND DINOFLAGELLATES DURING THE 
NORMAL, EL NINO AND LA NINA REGIMES ORGANIZED BY SEASON. RS = RAINY 
SEASON AND DR = DRY SEASON. ALL THE SPECIES HAVE A CODE NAME THAT 
HAS BEEN USED IN THE CCA PLOTS. FOR EACH CATEGORY SPECIES WERE 
ORGANIZED FROM HIGH TO LOW ABUNDANCE. 
DIATOMS ABUNDANCE 
(Cells/ml) 
ABUND INCREASED IN RAINY SEASON 
Nitzschia obtusa 
Chaetoceros seriacanthus 
Cerataulina pelagica 
Pseudo-nitzschia seriata 
Bacteriastrum fucatum 
Dactyliosolen fragilissima 
Pseudo-nitzschia delicatissima 
Leptocylindrus minimus 
Chaetoceros decipiens 
Cylindrotheca closterium 
Pseudoguinardia recta 
Asteromphalus elegans 
Bacteriastrum elegans 
Thalassiothrix mediterranea 
Haslea wawrikae 
Thalassiosira paciflca 
Bacteriastrum delicatulum 
Lioloma pacificum 
Chaetoceros atlanticus 
Chaetoceros compressus 
Navicula transitans var derasa 
Pseudo-nitzschia pungens 
Pseudo-nitzschia lineola 
Chaetoceros diversus 
Stephanopyxis palmeriana 
Thalassiosira leptopus 
Asteromphalus heptactis 
Nitzschia recta 
Detonula confervacea 
Azpeitia nodulifera 
Bacteriastrum elongatum 
Navicula directa 
Guinardia flaccida 
CODE 
Nit obt 
Cha ser 
Cerpel 
Pse ser 
Bacfuc 
Dacfra 
Pse del 
Lep min 
Cha dec 
Cyl do 
Pse rec 
Ast ele 
Bac ele 
Thai med 
Has wow 
Thapac 
Bac del 
Liopac 
Cha atl 
Cha com 
Navtra 
Pse pun 
Pse lin 
Cha div 
Stepal 
Tha lep 
Ast hep 
Nit rec 
Det con 
Azp nod 
Bac elo 
Nov dir 
Guifla 
RS 
556 
990 
507 
313 
655 
2079 
1552 
1090 
431 
446 
48 
112 
897 
78 
15 
212 
133 
403 
264 
1154 
159 
594 
134 
3734 
164 
245 
337 
233 
445 
107 
231 
176 
875 
DS 
12 
25 
- 20 
16 
42 
147 
116 
88 
36 
53 
6 
14 
113 
10 
2 
44 
30 
98 
66 
306 
43 
163 
39 
1161 
54 
81 
128 
93 
182 
45 
98 
79 
407 
% increased 
97.8 
97.5 
96.1 
94.9 
93.6 
92.9 
92.5 
91.9 
91.6 
88.1 
87.5 
87.5 
87.4 
87.2 
86.6 
79.2 
77.1 
75.7 
75.0 
73.5 
72.9 
72.5 
70.8 
68.9 
67.1 
66.9 
62.0 
60.1 
58.9 
57.9 
57.6 
55.1 
53.5 
APPENDIX J (continued) 
228 
Navicula cancellata 
Coscinodiscus marginatus 
Navicula f. Delicatula 
Cymbella parva 
Nov can 
Cos mar 
Nov del 
Cym par 
149 
74 
136 
4 
70 
36 
68 
2 
53.0 
51.0 
50.0 
50.0 
SP ONLY IN DRAY SEASON CODE RS DS % increased 
Toxarium undulatum 
Coscinodiscus perforatus 
Tox und 
Cos per 
20 
6 
100.0 
100.0 
ABUND INCREASED IN DRAY SEASON CODE RS DS % increased 
Thalassiosira subtilis 
Stauroneis glacilis 
Nitzschia sigma 
Diploneis bombus 
Gossleriella tropica 
Coscinodiscus curvatulus 
Leptocylindrus danicus 
Achnanthes longipes 
Amphora arenicola 
Corethron criophilum 
Rhizosolenia hebetata 
Diploneis didyma 
Coscinodiscus granii 
Hemiaulus membranaceus 
Nitzschia longissima 
Asteroplanus karianus 
Guinardia striata 
Tha sub 
Sta gla 
Nit sig 
Dip bom 
Gos tro 
Cos cur 
Lep dan 
Ach Ion 
Amp are 
Cor cri 
Rhiheb 
Dip did 
Cos gra 
Hem mem 
Nit Ion 
Astkar 
Gui str 
18 
2 
12 
13 
4 
6 
1066 
9 
45 
139 
74 
7 
187 
124 
190 
208 
2923 
572 
61 
57 
64 
16 
23 
3623 
29 
145 
443 
218 
19 
451 
289 
429 
439 
5842 
96.9 
96.7 
79.8 
79.7 
75.0 
73.9 
70.6 
70.1 
69.3 
68.6 
66.1 
63.2 
58.5 
57.1 
55.7 
52.6 
50.0 
ABUND DID NOT CHANGE MUCH CODE RS DS % increased 
Pseudo-nitzschia subpaciflca 
Hemiaulus sinensis 
Coscinodiscus centralis 
Chaetoceros peruvianus 
Helicotheca tamesis 
Biddulphia alternans 
Rhizosolenia castracanei 
Odontella mobilensis 
Tropidoneis lepidoptera 
Cerataulina bicornis 
Thalassionema frauenfeldi 
Bacillaria paxillifer 
Pse sub 
Hem sin 
Cos cen 
Chaper 
Hel tarn 
Bid alt 
Rhi cas 
Odo mob 
Tro lep 
Cer bic 
Thafra 
Bac pax 
2802 
1929 
396 
1208 
22 
669 
86 
464 
6 
146 
3321 
559 
1417 
3775 
764 
2216 
40 
1192 
49 
269 
10 
241 
5479 
339 
49.4 
48.9 
48.2 
45.5 
45.0 
43.9 
43.0 
41.9 
40.0 
39.5 
39.4 
39.3 
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Dityllum brightwelli 
Rhizosolenia hyalina 
Rhizosolenia bergonii 
Chaetoceros dichaeta 
Cyclotella meneghiniana 
Odontella regia 
Pyxidicula cruciata 
Cocconeis scutellum 
Biddulphia membranacea 
Melosirajurgensi 
Proboscia alata 
Thalassiothrix heteromorpha 
Odontella aurita 
Chaetoceros cinctus 
Hemidiscus cuneiformis 
Coscinodiscus eccentricus 
Dactyliosolen antarctica 
Odontella sinensis 
Nitzschia angularis 
Cyclotella striata 
Pseudosolenia calcar avis 
Meuniera membranacea 
Lauderia annulata 
Pleurosigma directum 
Surirellafastuosa 
Rhizosolenia pungens 
Chaetoceros aequatorialis 
Triceratium favus 
Chaetoceros radicans 
Nitzschia brebissonii 
Pleurosigma nicobaricum 
Nitzschia lanceolata 
Nitzschia bicapitata 
Rhizosolenia setigera 
Pleurosigma normanii 
Asterionellopsis glacialis 
Eucampia cornuta 
Asteromphalus brookei 
Chaetoceros curvisetus 
Skeletonema costatum 
Pleurosigma angulatum 
Dit bri 
Rhi hya 
Rhi ber 
Cha die 
Cyc men 
Odo reg 
Pyx cru 
Coc scu 
Bid mem 
Meljur 
Pro ala 
Thai het 
Odo aur 
Cha cin 
Hem cun 
Cos ecc 
Dae ant 
Odo sin 
Nit ang 
Cyc str 
Pse cat 
Meu mem 
Lau ann 
Pie dir 
Surfas 
Rhi pun 
Cha aeq 
Trifav 
Cha rad 
Nit bre 
Pie nic 
Nit Ian 
Nit bic 
Rhi set 
Pie nor 
Ast gla 
Euc cor 
Ast bro 
Cha cur 
She cos 
Pie ang 
1706 
219 
53 
474 
190 
517 
199 
6 
28 
198 
1767 
577 
24 
831 
21 
1332 
72 
1138 
686 
132 
208 
468 
591 
133 
37 
107 
94 
39 
1161 
510 
189 
5 
256 
583 
175 
891 
521 
44 
4978 
14574 
698 
1050 
350 
83 
303 
125 
342 
132 
4 
42 
288 
2540 
822 
34 
592 
15 
957 
52 
831 
503 
97 
283 
632 
796 
102 
48 
138 
121 
50 
912 
401 
150 
4 
320 
467 
141 
1098 
638 
36 
6058 
12167 
584 
38.5 
37.8 
36.7 
36.0 
34.2 
33.8 
33.7 
33.3 
33.3 
31.3 
30.4 
29.8 
29.4 
28.7 
28.6 
28.2 
27.8 
26.9 
26.7 
26.5 
26.5 
25.9 
25.8 
23.0 
22.9 
22.5 
22.3 
22.0 
21.4 
21.4 
20.9 
20.0 
20.0 
19.9 
19.2 
18.9 
18.4 
18.2 
17.8 
16.5 
16.3 
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Chaetoceros socialis 
Stephanopyxis turris 
Coscinodiscus nitidus 
Leptocylindrus mediterraneus 
Paralia sulcata 
Coscinodiscus radiatus 
Climacodium frauenfeldianum 
Coscinodiscus concinnus 
Actinoptychus senarius 
Chaetoceros lorenzianus 
Thalassiosira anguste - lineata 
Thalassionema nitzschioides 
Chaetoceros costatus 
Chaetoceros laciniosus 
Chaetoceros didymus 
Hemiaulus hauckii 
Chaetoceros eibenii 
Neocalyptrella robusta 
Guinardia delicatula 
Lithodesmium undulatum 
Chaetoceros affinis 
Odontella longicruris 
Rhizosolenia itnbricata 
Bacteriastrum hyalinum 
Amphora lineolata 
Cha soc 
Ste tur 
Cos nit 
Lep tned 
Par sul 
Cos rad 
Clifra 
Cos con 
Act sen 
Chae lor 
Tha ang 
Tha nit 
Cha cos 
Cha lac 
Cha did 
Hem hau 
Cha eib 
Neo rob 
Gui del 
Lit und 
Chaaff 
Odo Ion 
Rhi imb 
Bac hay 
Amp lin 
74 
325 
592 
627 
1951 
172 
308 
615 
40 
5514 
1846 
2464 
891 
99 
4121 
597 
337 
75 
184 
761 
4806 
283 
833 
3258 
14 
62 
274 
500 
740 
2302 
146 
361 
525 
46 
4879 
1642 
2202 
800 
89 
3742 
657 
367 
81 
173 
799 
4607 
291 
845 
3247 
14 
16.2 
15.7 
15.5 
15.3 
15.3 
15.1 
14.7 
14.6 
13.0 
11.5 
11.1 
10.6 
10.2 
10.1 
9.2 
9.1 
8.2 
6.8 
6.0 
4.8 
4.1 
2.7 
1.4 
0.3 
0.0 
DINOFLAGELLATES ABUNDANCE 
(Cells/ml) 
SP ONLY IN RAINY SEASON CODE RS DS % increased 
Gambierdiscus toxicus 
Goniodoma sphaericum 
Gonyaulax milneri 
Oxytoxum longiceps 
Protoperidinium eccentricum 
Protoperidinium subpyriforme 
Spiraulax joliffei 
Gam tox 
Gon sph 
Gon mil 
Oxylon 
Prot ecc 
Protsub 
Spijol 
8 
31 
11 
18 
8 
20 
4 
0 
0 
0 
0 
0 
0 
0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
ABUND INCREASED IN RAINY SEASON CODE RS DS % increased 
Goniodoma poliedricum 
Dinophysis acuminata 
Gonpol 
Din acu 
62 
62 
96.8 
93.5 
APPENDIX J (continued) 
Scrippsiella trochoidea 
Gymnodinium catenatum 
Prorocentrum arcuatum 
Pyrocistis lunula 
Alexandrium tropicale 
Pyrocystis noctiluca 
Gonyaulax sousae 
Ceratium tripos 
Prorocentrum micans 
Protoperidinium claudicans 
Gonyaulax paciflca 
Gonyaulax sphaeroidea 
Protoperidinium depressum 
Ceratium vultur 
Protoperidinium conicum 
Ornithocercus splendidus 
Oxytoxum minutum 
Gonyaulax turbiney 
Protoperidinium brochi 
Pyrophacus steinii 
Diplopelta assymetrica 
Protoperidinium divergens 
Protoperidinium steinii 
Prorocentrum compressum 
Podolampas bipes 
Oxytoxum turbo 
Dinophysis ovum 
Ceratium candelabrum 
Lingulodinium polyedrum 
Heterocapsa niei 
Prorocentrum gracile 
Plectodinium nucleovelatum 
Ceratium furca 
Blepharocysta splendor - maris 
Ceratium extensum 
Gonyaulax spinifera 
Protoperidinium brevipens 
Gonyaulax polygramma 
Protoperidinium cerasus 
Protoperidinium pentagonum 
Ceratium kofoidii 
Scr tro 
Gym cat 
Pro arc 
Pyr lun 
Ale tro 
Pyr noc 
Gon sou 
Cer trip 
Pro mic 
Prot cla 
Gonpac 
Gon sph 
Prot dep 
Cer vul 
Protcon 
Orn spl 
Oxy min 
Gontur 
Protbro 
Pyr ste 
Dip ass 
Prot div 
Prot ste 
Pro com 
Pod bip 
Oxytur 
Din ovu 
Cer can 
Linpol 
Het nie 
Pro gra 
Pie nuc 
Cer fur 
Ble spl 
Cer ext 
Gon spi 
Prot bre 
Gonpolg 
Protcer 
Prot pen 
Cer kof 
405 
102 
100 
16 
186 
43 
11 
112 
1003 
19 
44 
289 
73 
16 
257 
14 
7 
76 
59 
123 
366 
35 
383 
294 
12 
15 
46 
22 
200 
199 
450 
5 
306 
45 
20 
26 
9 
74 
47 
67 
26 
36 
10 
11 
2 
25 
7 
2 
22 
199 
4 
10 
69 
18 
4 
68 
4 
2 
22 
18 
38 
115 
11 
124 
96 
4 
5 
16 
8 
75 
75 
172 
2 
126 
19 
9 
12 
4 
36 
23 
23 
13 
91.1 
90.2 
89.0 
87.5 
86.6 
83.7 
81.8 
80.4 
80.1 
78.9 
77.3 
76.1 
75.3 
75.0 
73.5 
71.4 
71.4 
71.1 
69.5 
69.1 
68.6 
68.6 
67.6 
67.3 
66.7 
66.6 
65.2 
63.6 
62.5 
62.3 
61.8 
60.0 
58.8 
57.8 
55.0 
53.8 
52.9 
51.4 
51.1 
50.5 
50.0 
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Ceratium trichoceros 
Oxytoxum mediterraneum 
Oxytoxum sceptrum 
SP ONLY IN DRAY SEASON 
Cer tri 
Oxymed 
Oxysce 
CODE 
16 
4 
4 
RS 
8 
2 
2 
DS 
50.0 
50.0 
50.0 
% increased 
Palaeophalacroma verrucosa Pal ver 100.0 
ABUND INCREASED IN DRAY SEASON CODE 
Gon die 
Prot sph 
Cerfal 
Cer mas 
Protabe 
CODE 
Prot ovu 
Gonfra 
Pro min 
Din cau 
Oxy ovu 
Gym san 
Podpal 
Pyr ham 
Cer pen 
Pre meu 
Oxy sco 
Protoce 
Cerfus 
Pro den 
Cer mac 
Prot ele 
Cer hor 
Cor con 
Orn ste 
RS 
1 
13 
8 
34 
39 
RS 
21 
191 
168 
76 
6 
128 
8 
25 
18 
209 
35 
49 
210 
8 
22 
103 
90 
10 
6 
DS 
6 
40 
18 
18 
82 
DS 
12 
113 
101 
50 
4 
176 
6 
19 
14 
167 
28 
40 
173 
4 
24 
95 
96 
10 
6 
% increased 
83.3 
67.5 
55.6 
52.9 
52.4 
% increased 
42.9 
40.8 
39.9 
34.2 
33.3 
27.3 
25.0 
24.0 
22.2 
20.1 
20.0 
18.4 
17.4 
12.5 
8.3 
7.8 
6.3 
0.0 
0.0 
Gonyaulax diegensis 
Protoperidinium sphaericum 
Ceratium falcatiforme 
Ceratium massilense 
Protoperidinium abei 
ABUND DID NOT CHANGE MUCH 
Protoperidinium ovum 
Gonyaulax fragilis 
Prorocentrum minimum 
Dinophysis caudata 
Oxytoxum ovum 
Gymnodinium sanguineum 
Podolampas palmipes 
Pyrocystis hamulus 
Ceratium pentagonum 
Preperidinium meunieri 
Oxytoxum scolopax 
Protoperidinium oceanicum 
Ceratium fusus 
Prorocentrum dentatum 
Ceratium macroceros 
Protoperidinium elegans 
Ceratocorys horrida 
Corythodinium constrictum 
Ornithocercus steinii 
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